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NEW,  PRACTICAL 
OP  AMP  CIRCUITS 

includes  a  differential 
PC  board  tester 

TEST  REPORTS: 


HOW  TO  ADD 
DIGITAL  FREQUENCY 
READOUT  TO 
SHORTWAVE  RECEIVERS 


Pioneer  CT-F8282  Stereo  Cassette  Deck 
Acoustic  Research  AR-16  Speaker  System 


BUILD  A  LOW-COST  LOGIC  ANALYZER 

Data-domain  instrument  for  troubleshooting  fRD 
microcomputers  and  other  digital  equipment  (ssls! 
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THE  COBRA  32XLR. 

A  TECHNOLOGICAL  PUNCHTHROUGH. 


Cobra  has  a  reputation  for  punching  through 
loud  and  clear.  The  new  Cobra  32XLR,  of  course,  con¬ 
tinues  the  reputation  And  creates  another— for 
innovative  design,  superb 
engineering  and  technical 
superiority. 

Start  with  the  illuminated 
4- in-1  meter.  It  tells  you  exactly  how  much 
power  you're  pushing  out  and  pulling  in.  As 
well  as  monitoring  your  modulation  in  precise 
percentages.  And  measuring  your  punch  with  an 
SWR  check.  In  short,  the  32  XLR 
lets  you  keep  an  eye  on  your  ears. 

ScanAlert,  Cobra's  unique  scan¬ 
ning  system,  continually  monitors 
Channel  9  when  you're  on  another 
channel.  If  an  emergency  comes  up,  the  ScanAlert 
light  goes  on.  And  the  incoming  message  automat¬ 
ically  locks  the  receiver  on  the  active  channel. 

For  information  on  our  complete  line  write  for  brochure  #CB-2 

CIRCLE  NO.  15  ON 


The  32XLR's  Digital  Channel 
Selector  is  the  very  latest.  With 
large  LED  numerals  —  for  a 
read-out  that  registers  clearly  and 
quickly.  Plus  switchable  "pulse  block"  noise  blank¬ 
ing'  that  rejects  short-pulse  noise  not  normally 
blocked  by  other  systems.  Which  makes  it  the  most 
effective  in  the  business.  Finally,  add  automatic  noise 
limiting,  Dynamike  Plus  (with  built-in  power  mike) 
and  Delta  Tuning. 

The  new  Cobra  32XLR.  It  has  virtually  every¬ 
thing.  And  it  has  everything  to  do  just  one  thing. 

Punch  through  loud  and  clear. 
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Punches  through  loud  and  clear. 

Cobra  Communications  Products 

D  YNASCAN  CORPORATION 

6460  W.  Cortland  St.(  Chicago,  Illinois  60635 
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Remote 

control 
Race* 


Computer  logic  has 
added  a  new  fun  way  to 
control  remote  control  products'. 


y:\ys 

/A  new  fun 

L  yy  leisuretime  acti vity 

made  possible  by 
the  new  electronics. 


The  Remote  Control  Racer  is  a  competi¬ 
tion  scale  model  race  car  controlled  by  a  trans¬ 
mitter  using  computer  logic. 

Think  of  it.  Remotely  drive  a  model  race  car 
from  as  far  assixty  feet— turning  left  and  right, 
going  forward  and  reverse.  It's  great  fun  for 
hobbiests,  children  and  the  whole  family. 

DIGITALLY  PROPORTIONAL  CONTROL 
The  steering  is  controlled  as  you  control 
the  steering  wheel  on  your  remote  control 
unit.  Turn  the  wheel  slightly  to  the  right  and 
the  car  wheels  turn  slightly  to  the  right.  Turn 
your  control  fully  to  the  left  and  the  car 
wheels  turn  fully  to  the  left. 


There  is  no  transmission  required  to  go 
from  forward  to  reverse  as  the  high  quality 
servo  motor  simply  reverses  polarity  to  change 
gears.  Press  the  forward  lever  on  your  remote 
unit  and  you  go  forward.  Press  the  reverse  le¬ 
ver  and  you  go  in  reverse.  It's  just  that  quick. 

BUILT  TO  THE  FINEST  DETAIL 

The  camber  caster-action  front  wheels  par¬ 
allel  a  full-sized  car's  suspension  system  and 
they  actually  tilt  on  the  turns.  An  indepen¬ 
dent  floating  rear  axle  maintains  positive  trac¬ 
tion  even  on  rough  terrain. 

The  Remote  Racer  replaces  the  gasoline 
powered  remote  control  race  cars  that  have 


*  The  remote  control  unit  (left)  controls  the  race  car's  electronics  (center). 
The  four  "C"  cell  batteries  fit  in  the  underside  of  the  Racer. 


SOPHISTICATED  ELECTRONICS 
The  sophisticated  electronics  in  the  Remote 
Control  Racer  consists  of  40  transistors.  When 
you  operate  the  control  unit,  the  transmitter 
generates  computer  digital  logic  in  a  train  of 
digital  pulses  which  then  are  amplified  and 
transmitted  to  the  racer.  The  racer  then  has 
a  sensitive  receiver  which  receives  the  pulses 
and  in  turn  translates  them  into  data  that 
eventually  translates  into  power  for  the  car. 


The  sleek  lines  of  the  Remote  Control  Racer 
follows  the  designs  of  some  of  the  more  popu¬ 
lar  race  cars.  The  car  measures  3Wx5"x12". 


sold  for  well  over  $100  a  unit.  Remote  gas 
powered  models  give  off  odors  and  are  often 
temperamental.  The  Remote  Racer  is  quiet  so 
it  can  be  run  indoors  and  it  is  not  dangerous 
so  even  children  can  safely  play  with  it. 

START  A  RACE  CLUB 

You  can  run  as  many  as  six  different  cars  in 
a  race  as  each  car  will  be  on  a  separate  remote 
control  frequency.  There  are  four  different 
colors  available,  red,  white,  blue,  and  yellow 
and  each  racer  comes  equipped  with  its  match¬ 
ing  remote  control  unit. 

Start  a  local  competition  raceclub,  entertain 
guests  with  your  new  adult  toy,  or  give  it  to 
your  children  as  one  of  their  most  prized  pos¬ 
sessions.  There  are  many  fun  ways  to  use  your 
Remote  Racer. 

There  are  two  separate  circuits  used  for  for¬ 
ward  and  for  reverse.  Each  circuit  utilizes  two 
"C"  cell  batteries  available  anywhere.  If  you 
only  go  forward,  the  two  forward  batteries 
will  last  approximately  two  hours. 

CIRCLE  NO.  67  ON  FREE  INFORMATION  CARD 


The  Remote  Control  Racer  is  a  well  built, 
well  engineered  electronic  instrument  with  a 
90  day  limited  warranty.  JS&A  further  guaran¬ 
tees  your  satisfaction-if  you  are  not  absolute¬ 
ly  satisfied  with  the  value,  quality  or  fun  you 
are  having,  fine— return  your  racer  within  ten 
days  for  a  full  refund.  You  can't  lose. 

To  order,  credit  card  buyers  simply  call  our 
toll-free  number  below  and  specify  the  color 
and  quantity  you  want.  Or  send  a  check  for 
$52.45  ($49.95  for  each  Racer  plus  $2.50  for 
postage,  insurance  and  handling  to  the  address 
shown  below.  (III.  residents  add  5%  sales  tax). 

By  return  mail,  you'll  receive  a  Remote 
Control  Racer,  the  remote  control  unit,  bat¬ 
teries,  a  90  day  limited  warranty  and  simple 
operating  instructions.  Your  unit  should  never 
require  service  but  if  it  should,  JS&A's  service- 
by-mail  facility  is  as  close  as  your  mail  box. 
JS&A  is  America's  largest  single  source  of 
space-age  products  and  a  substantial  compa¬ 
ny-further  assurance  that  your  modest  in¬ 
vestment  is  well  protected. 

Find  out  the  thrill  and  fun  of  racing  model 
race  cars  remotely.  Order  one  or  two  Remote 
Control  Racers  today. 


$4995 

NATIONAL 

INTRODUCTORY 

PRICE 


JSIK* 


NATIONAL 
SALES 
GROUP 


DEPT.  PE  JS&A  Plaza 
Northbrook,  Illinois  60062 
CALL  TOLL-FREE  ..  800  241-844^ 
In  Georgia  call  ....  800  282-133 

©JS&A  Group,  In’ 
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SAVE  UP  TO  50% 
ON  PARTS. 


Hobbyist  or  professional,  there 
are  probably  a  lot  of  circuits  you 
build  just  for  the  fun  of  it.  And  a  lot 
you'd  like  to  build,  but  never  get 
around  to. 

One  reason  is  the  cost  of  parts. 
Parts  you  buy  for  one  project,  but 
can't  re-use. . .  because  you  haven't 
time  to  take  them  carefully  apart. 

Or  because  of  heat  and  mechanical 
damage  that  occur  when  you  do. 

Now.  there's  an  easier  way  that 
can  save  you  big  money  on  parts 
and  hours  on  every  project,  as  well: 
Proto-Board "  Solderless 
Breadboards. 

Now,  assembling,  testing  and 
modifying  circuits  is  as  easy  as 
pushing  in-or  pulling  out-a  lead. 
IC's,  LED's,  transistors,  resistors, 
capacitors . . .  virtually  every  kind  of 
component . . .  connect  and  inter¬ 
connect  instantly  via  long-life,  nickel- 
silver  contacts.  No  special  patch 

CIRCLE  NO.  18  ON  FREE  INFORMATION  CARO 


c  1976.  Continental  Specialties  Corporation 


•Manufacturer  s  suggested  list 

Prices  and  specifications  subject  to  change  without  notice 


cords  or  jumpers  needed -just 
lengths  of  ordinary  #22-30  AW G 
solid  hookup  wire. 

Circuits  go  together  as  quickly  as 
you  can  think  them  up.  And  parts 
are  re-usable,  so  as  your  “junk  box” 
builds,  you  build  more  and  more 
projects  for  less  and  less  money. 

Before  you  invest  in  your  next 
project,  invest  in  a  CSC  breadboard. 
See  your  dealer  or  order  by  phone: 
203-624-3103  (East  Coast)  or  415- 
421-8872  (West  Coast)— major 
charge  cards  accepted.  You've  got 
nothing  to  lose . . . and  a  lot  to  gain. 

CONTINENTAL  SPECIALTIES  CORPORATION 

44  Kendall  Street. 

Box  1942  ’  New  Haven.  CT  06509 
203-624-3103  TWX  710-465-1227 
West  Coast  office  Box  7809.  San  Francisco.  CA 

941 19  •  415-421-8872  TWX  910-372-7992 
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14-PIN  DIP 

SUGG 

OTHER 

MODEL 

TIE-POINTS 

CAPACITY 

LIST  • 

FEATURES 

PB-6 

630 

6 

$15.95 

Kit  —  10-minute 
assembly 

PB-100 

760 

10 

19.95 

Kit -with  larger 
capacity 

PB-101 

940 

10 

29.95 

8  distribution 
buses,  higher 
capacity 

PB-102 

1240 

12 

39.95 

Large  capacity, 
moderate  price 

PB-103 

2250 

24 

59.95 

Even  larger 

capacity:  only 

2.7C  per  tie-point 

PB-104 

3060 

32 

79.95 

Largest  capacity: 
lowest  price 
per  tie-point 

PB-203 

2250 

24 

75.00 

Built-in  1%-regu  - 
lated  5V.  1A  low- 

ripple  power 
supply 

PB-203A 

2250 

24 

120.00 

As  above  plus 
separate  Vamp 

+15V  and  -15V 

internally  adjust¬ 
able  regulated 

outputs 
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Editorial 


HANGING  FIRE 

The  October  1 976  issue  of  the  IEEE  Spectrum  (an  electrical  engineering  society 
publication)  had  an  interesting  editorial  focus  entitled:  “What  Went  Wrong?”  In 
addition  to  covering  such  failures  as  the  Northeast  electrical  blackout  of  ’65  and  a 
multi-million-dollar  radar  project  that  flopped,  promising  developments  that  got 
sidetracked  or  delayed  were  discussed.  These  included  electronic  video  recording 
(EVR),  ovonic  devices,  thermoelectricity,  the  video  telephone,  emitter-coupled 
logic,  AM  stereo,  and  two-way  cable  TV. 

None  of  the  above  is  “dead,”  but  they  have  not  exhibited  the  growth  that  the 
excitement  of  their  debuts  hopefully  promised.  Offhand,  I  can  add  easily  to  the  list 
of  slow-start  concepts  that  float  around.  Some,  like  a  virus,  come  to  life  many  years 
later;  others  are  not  widely  adopted  for  one  reason  or  another. 

For  example,  I  edited  a  cover-story  article  on  microwave  ovens  in  1 959,  which 
indicated  that  sales  were  expected  to  skyrocket.  What  went  wrong?  A  scathing 
attack  was  presented  by  Consumer  Reports  on  the  appliance’s  safety  (causing 
tightened  standards)  that  turned  off  consumers  for  more  than  a  decade. 

Attending  a  press  meeting  in  the  early  Sixties,  I  was  treated  to  a  new  concept  in 
hi-fi— a  servo-feedback  system,  called  “Integrand,  that  was  supposed  to  counter 
distortion  emanating  from  speakers  ”  What  went  wrong?  I  have  no  idea,  but  it 
simply  never  got  off  the  ground,  though  the  more  recent  Philips  “Motional 
Feedback”  system  uses  the  same  general  concept. 

I  recall,  too,  going  to  a  final  task  force  meeting  on  the  type  of  stereo  FM  that 
should  be  recommended  to  the  FCC.  The  majority  of  attendees  chose  the  Crosby 
System,  which  did  not  degrade  the  signal-to-noise  ratio  of  the  second  channel. 
What  went  wrong?  The  GE/Zenith  proposals  were  adopted  because  it  was  felt  by 
the  FCC  that  many  FM  broadcasters  would  not  be  able  to  survive  without  an  SCA 
channel  to  supplement  income,  which  GE/Zenith  retained  (together  with  higher 
noise)  and  Crosby  did  not. 

Then  there  was  Educasting,  using  four  channels  multiplexed  on  FM,  with 
receivers  built  by  Sylvania  Electric;  Norelco’s  45-rpm  automobile  record  player 
(which  I  owned  prior  to  auto  tape’s  introduction);  Ampex’s  floppy  magnetic  audio 
disc;  wireless  microphones;  35-mm  audio  magnetic  tape  introduced  by  Everest 
Records;  a  flame  loudspeaker  whereby  flames  modulated  the  air  stream  (Stanford 
Research  Institute);  the  magnetic  amplifier,  which  the  Bureau  of  Ships,  U.S.  Navy, 
called  .  .  the  rising  star  of  electronics  in  1 960”;  and  so  on. 

There  are  new,  promising  electronic  stars  on  the  horizon  today.  I  wonder  how 
they  will  fare  when  faced  by  the  perspective  of  a  few  decades?  These  include  the 
video  disc  (introduced  in  1966)  which  is  supposed  to  reach  the  marketplace 
sometime  this  year.  (I  viewed  a  third  V-D  system  last  week,  Telefunken’s  TED. 
Color  was  great,  but  1 0-minutes  play  time  for  a  flexible  disc  that  will  sell  for  $4  to 
$1 0  on  a  machine  that  is  expected  to  cost  at  least  $500  appears  to  be  out  of  the 
running  for  the  public  when  contrasted  with  RCA’s  and  Philips’  longer  playing  time 
systems.)  There  is  also  a  Class  D  audio  amplifier  that  has  been  touted  now  for 
three  years.  And  then  there  are  Bubble  Memories,  which  by  their  great  density 
capability  could  take  over  the  computer  memory  world  if  the  price  is  driven  down. 

I  won’t  count  out  any  of  the  concepts,  products,  devices  or  systems  that  never 
live  up  to  their  promise,  however.  Not  when  I  think  of  Michael  Faraday’s 
observation  of  semiconductor  properties  in  1833  and  wireless  detectors  that  were 
used  in  1 906.  Just  a  little  research  laboratory  twist,  and  a  combined  transfer  and 
varistor  device  emerged  in  1 948.  It  is  called  a  transistor. 
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you  don’t 
listen  to  the 
Realistic 
Mach  One... 

you 

experience 

it! 


Realistic®  and  Radio  Shack  lower  the  cost  of  thrilling 
theatre-like  sound.  22  years  of  design  know-how  and  sales  of 
a  million  speakers  annually  have  shown  us  how.  Powerful  15" 
woofer.  Multi-cell  midrange  horn.  High-compliance  tweeter 
horn.  Removable  grille  for  easily  balancing  midrange  and  treble 
response.  And  genuine  walnut  veneer  cabinetry.  It's  a  real 
experience  to  hear  the  Mach  One  at  live-performance  listening 
levels.  Bring  in  your  favorite  LP  and  we’ll  give  you  a  thundering 
demonstration  that  will  change  your  notions  about  who’s  really 
pioneering  in  hi-fi.  Buy  the  amazing  Mach  One  and  we’ll  also 
give  you  a  5-year  limited  warranty.  Ask  for  40-4024  at  your 
nearby  Radio  Shack  store  or  participating  dealer  1 9950* 


Use  your  credit  card 
at  most  stores 


*  Price  may  vary  at  individual  stores  and  dealers. 
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SOLD  ONLY  WHERE  YOU  SEE  THIS  SIGN: 

Radio  /hack 

A  TANDY  COMPANY  •  FORT  WORTH,  TEXAS  76107 
5000  LOCATIONS  IN  NINE  COUNTRIES 
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Empire’s 
Blueprint  For 
Better  Listening 

No  matter  what  system 
you  own,  a  new  Empire 
phono  cartridge  is  certain 
to  improve  its  performance. 

The  advantages  of 
Empire  are  threefold. 

One,  your  records  will 
last  longer.  Unlike  other 
magnetic  cartridges, 
Empire’s  moving  iron 
design  allows  our  diamond 
stylus  to  float  free  of  its 
magnets  and  coils.This 
imposes  much  less  weight 
on  the  record  surface  and 
insures  longer  record  life. 

Two,  you  get  better 
separation. The  small, 
hollow  iron  armature  we 
use  allows  for  a  tighter  fit 
in  its  positioning  among 
the  poles.  So,  even  the 
most  minute  movement  is 
accurately  reproduced  to 
give  you  the  space  and 
depth  of  the  original 
recording. 

Three,  Empire  uses 
4  poles,  4  coils,  and  3 
magnets  (more  than  any 
other  cartridge)  for  better 
balance  and  hum  rejection. 

The  end  result  is  great 
listening.  Audition  one  for 
yourself  or  write  for  our 
free  brochure, “How To 
Get  The  Most  Out  Of  Your 
Records!’  After  you  com¬ 
pare  our  performance 
specifications  we  think 
you’ll  agree  that,  for  the 
money,  you  can’t  do 


Already  your  system  sounds  better. 

Empire  Scientific  Corp. 
Garden  City,  New  York  11530 


CIRCLE  NO.  30  ON  FREE  INFORMATION  CARO 


Letters 


HIGH-LEVEL  FEEDBACKS  TIM 

The  various  articles  in  the  “Special  Focus 
on  Audio”  section  in  the  September  1976  is¬ 
sue  of  Popular  Electronics  all  propose 
operational  amplifiers  with  input-to-output 
gains  of  one,  meaning  that  very  large 
amounts  of  feedback  are  employed.  Dr.  Matti 
Otala  of  Finland  has  shown  that  transient  in¬ 
termodulation  distortion  (TIM)  becomes  sig¬ 
nificant  when  feedback  exceeds  about  20  dB 
and  is  severe  for  larger  feedback  factors. 
Personal  experience  with  high-gain  op  amps 
in  a  preamp  circuit  was  that  amplitude-ver- 
sus-frequency  response  was  controlled  with¬ 
in  0.25  dB,  but  it  “just  didn’t  sound  right.” 
When  I  became  aware  of  “Otala  distortion,”  it 
was  pretty  obvious  that  this  was  the  fault. — 
Paul  W.  Klipsch,  Klipsch  &  Associates,  Inc., 
Hope,  AR. 

SWITCH  TO  NEW  SWITCH 

In  “Build  the  Roadmate  CB  Converter” 
(October  1976),  a  dpst  switch  is  specified  in 
the  Parts  List.  This  should  be  a  dpdt  switch. 
— Andrew  Ciffer,  Somerset,  NJ 

IDENTIFYING  THE  COMPUTER 

In  “How  To  Select  a  Hobbyist  Microcom¬ 
puter”  (December  1976),  the  lead  photo  has 
no  caption  identifying  the  equipment  shown. 
Could  you  please  tell  me  what  this  equipment 
is?  — Claude  Jolly,  Granite  City,  IL 

The  CRT  terminal  shown  on  page  51  is  the 
Model  D301  made  by  Informer,  Inc.,  8332 
Osage  Ave.,  Los  Angeles,  CA  90045.  It  sells 
for  $1890. 

A  BETTER  CAPACITANCE  METER 

I  suggest  the  following  changes  for  the 
"Low-Cost  Capacitance  Meter"  featured  in 
the  October  1976  issue  of  Popular  Elec¬ 
tronics.  First,  to  prevent  the  voltage  rating 
from  being  exceeded  with  3-,  6-,  or  9-volt  ca¬ 
pacitors  under  test,  two  1 N91 4  diodes  can  be 
connected  in  series  across  BPI  and  BP2,  with 
the  anode  of  the  pair  going  to  BPI  and  the 
cathode  to  BP2.  This  will  limit  the  terminal  po¬ 
tential  to  1 .5  volts  maximum.  Second,  by  in¬ 
stalling  a  47-ohm,  14-watt  resistor  between 
the  rotor  of  S2A  and  ground,  the  switch  con¬ 
tacts  will  last  longer  and  the  charge  on  the  ca¬ 
pacitor  under  test  will  discharge  less  rapidly. 
Third,  by  removing  the  connection  between 
the  OFF  position  of  SI  A  and  the  anode  of  D1, 


no  excessive  current  will  flow  through  Q1  as 
C3  and  C4  discharge.  Fourth,  a  mini  DIP, 
such  as  the  MCI  558  or  any  dual  741  or  amp, 
can  be  used  to  replace  the  two  IC’s  if  de¬ 
sired — Man/in  J.  Moss,  Atlanta,  GA. 

PE  SPARKS  EXPERIMENTING 

I  feel  I  owe  Popular  Electronics  a  letter 
of  thanks  and  commendation.  I  hadn’t  dab¬ 
bled  in  electronics  since  the  dawn  of  the  sol¬ 
id-state  era  until  January  of  this  year.  Since 
then,  PE  has  been  very  helpful  in  updating 
my  knowledge  of  semiconductor  theory  and 
application  and  refreshing  my  memory  on 
general  electronics.  I  was  planning  to  build  a 
chess  clock  by  coupling  together  two  digital 
clock  kits  until  I  noticed  two  articles  in  PE  that 
made  me  opt  for  a  better  design.  As  a  result 
of  the  sequence  generator  described  in  the 
February  1976  Experimenter’s  Corner  and 
“How  Multiplexed  LED  Displays  Simplify  Cir¬ 
cuits”  in  the  March  1976  issue,  I  was  able  to 
design  my  improved  chess  clock.  Many 
thanks  for  accelerating  my  project  to  reality 
and  elevating  it  to  an  interesting  experi¬ 
ence. — James  H.  Williams,  Knoxville,  TN. 

HAM/CB’ER  FOR  SHARING  BAND 

I  would  like  to  compliment  you  on  your  Edi¬ 
torial,  “Majority  Rules—The  Bitter  Pill”  (No¬ 
vember  1976).  As  both  a  Ham  (W6TNS/7) 
and  an  avid  CB'er,  I  can  vouch  for  the  wis¬ 
dom  of  your  words.  I  am  inexorably  con¬ 
vinced  that  there  must  be  a  “common  meet¬ 
ing  ground"  where  hams  and  CB’ers  can  in¬ 
termingle  and  learn  from  each  other.  CB’ers 
are  extremely  susceptible  to  peer  pressure, 
and  I  do  not  buy  the  argument  that  this  “un¬ 
washed  multitude”  will  ruin  whatever  they 
touch. 

The  pressure  on  the  amateur  220-MHz 
band  by  15-  to  30-million  people  is  going  to 
mount  in  the  next  few  years  in  direct  propor¬ 
tion  to  the  skip  interference  on  the  Citizens 
Band.  It  seems  to  me  that  the  amateur  frater¬ 
nity  would  be  well-advised  to  invite  the 
CB’ers  to  share  this  relatively  unused  band, 
rather  than  lose  it  as  they  did  11  meters. 
—Donald  L  Stoner,  Mercer  Island,  WA 

QUESTION  OF  SAFETY 

There  is  a  serious  error  in  “Propagation 
Forecasts  For  Radio  Communications”  (No¬ 
vember  1  976)  on  page  36,  column  2.  A  Wrat- 
ten  No.  4  is  not  a  neutral-density  filter,  per 
Kodak  publication  No.  B-3  titled  “Kodak  Fil¬ 
ters  For  Scientific  and  Technical  Uses."  The 
No.  4  is  a  light  yellow  filter.  Neutral  densities 
are  Wratten  No.  96,  available  in  densities 
from  80%  light  transmission  to  0.01  %  (neutral 
density  0.1  to  4.0).  These  are  supplied  in  gel¬ 
atin  only.  Should  you  wish  to  obtain  these  in 
glass,  they  can  be  supplied  by  Tiffen  Mfg. 
Co.,  71  Jane  St.,  Roslyn,  N.Y.  — John  H. 
Rose  II,  Warren,  Ml 

Thanks.  We  endorse  your  recommenda¬ 
tion.  The  author,  however,  confirms  that  he 
has  been  using  the  No.  4. 
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WHY  SETTLE  FOR  LESS- 
THAN  A  6800  SYSTEM 


MEMORY— 

All  static  memory  with  selected  2102  IC's  al¬ 
lows  processor  to  run  at  its  maximum 
speed  at  all  times.  No  refresh  system  is 
needed  and  no  time  is  lost  in  me¬ 
mory  refresh  cycles.  Each  board 
holds  4,096  words  of  this 

proven  reliable  and  trouble  - ►  | 

free  memory.  Cost—  •  \ 

only  $125.00  for 

each  full  4K  Yf 

memory.  rqrfk,  1 


INTERFACE- 

Serial  control  interface  connects  to  any  RS-232,  or 
20  Ma.  TTY  control  terminal.  Connectors  pro¬ 
vided  for  expansion  of  up  to  eight  interfaces. 
Unique  programmable  interface  circuits 
^  ^  allow  you  to  match  the  interface  to  al- 

most  any  possible  combination  of 
*  potanty  and  control  signal  ar- 

*  rangements.  Baud  rate  selec- 

*>  tion  can  be  made  on  each 

individual  interface.  All 
m  -  this  at  a  sensible  cost 

of  only  $35.00  for 
either  serial,  or 
parallel  type 


PROCESSOR-  XSL 

''Motorola"  M6800  processor  ^ 

with  Mikbug®  ROM  operating 

system.  Automatic  reset  and  load- 

ing,  plus  full  compatability  with 

Motorola  evaluation  set  software.  Crystal 

controlled  oscillator  provides  the  clock  signal 

for  the  processor  and  is  divided  down  by  the 

MC1441 1  to  provide  the  various  Baud  rate  outputs 

for  the  interface  circuits.  Full  buffering  on  all  data 

and  address  busses  insures  "glitch"  free  operation  with 

full  expansion  of  memory  and  interfaces. 


%  ^ 


DOCUMENTATION— 

Probably  the  most  extensive  and  complete  set  of  data  available  for  any 
microprocessor  system  is  supplied  with  our  6800  computer.  This  includes 
the  Motorola  programming  manual,  our  own  very  complete  assembly  in¬ 
structions,  plus  a  notebook  full  of  information  that  we  have  compiled  on 
the  system  hardware  and  programming.  This  includes  diagnostic  programs, 
sample  programs  and  even  a  Tic  Tac  Toe  listing. 


VzJjEr  POWER 
*£00-  SUPPLY- 

■  Heavy  duty  10.0  Amp  power 

supply  capable  of  powering  a 
fully  expanded  system  of  memory 
and  interface  boards.  Note  25  Amp 
rectifier  bridge  and  91,000  mfd  computer 
grade  filter  capacitor. 

Mikbug®  is  a  registered  trademark  of 
Motorola  Inc. 


Computer  System 

with  serial  interface  and  4,096  words 
of  memory . $395.00 


6800  S3KW" 


CH  Enclosed  is  S395  for  my  SwTPC  Computer  Kit  f]  Send  Data 


□  or  BAC- 

□  or  IVIC _ 


Ex  Date. 


ADDRESS 


Southwest  Technical  Products  Corp.,  Box  32040,  San  Antonio,  Texas  78284 
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Only  NRI 
25"  designed 

DIAGONAL  -* 

Color  TV 

Quadraphonic 


Two  home  training  schools  give  you  a 
hobby-kit  Color  TV  to  assemble.  Two 
others  give  you  a  commercial  set  right 
off  the  shelf.  Neither  was  designed  to 
teach  you  how  to  repair  Color  TV’s. 

Only  NRI  invested  the  time  and  money 
to  design  equipment  with  learning  in  mind! 

No  other  home  training  school  gives 
you  both  a  solid  state  Color  TV  and 
SQT“  Quadraphonic  Receiver 
complete  with  four  speakers  ...  all  in 
one  course,  in  fact,  to  even  match  this 
kind  of  thorough  training  at  another 
school,  you’d  have  to  take  an  extra 

“  Trademark  of  CBS.  Inc. 


course  costing  hundreds  of  dollars 
more.  And  only  NRI  courses  in  Color 
TV/Audio  servicing  let  you  learn  on 
equipment  designed  specifically  for 
training. 

It’s  the  only  way  you  can  (1)  get  the 
feel  of  typical  commercial  circuitry,  (2) 
learn  bench  techniques  while  building 
complete  units  from  the  "ground”  up, 

(3)  perform  over  35  "in-set” 
experiments  during  construction,  and 

(4)  end  up  with  a  25"  diagonal  solid 
state  Color  TV  with  cabinet  and  a  4- 
channel  Audio  Center. 

NRI  passes  the  savings  on  to  you 

NRI  engineering  eliminates  the  cost  of 
buying  from  an  outside  source.  We  pay 
no  salesman’s  commission.  Students 
are  enrolled  by  mail  only.  The  savings 
are  passed  on  to  you  in  the  form  of  low 
tuition  fees,  extras  like  the  TV's  console 
cabinet  and  the  Quadraphonic  System; 
professional  test  instruments  like  a  5" 
triggered  sweep  oscilloscope,  CMOS 
digital  frequency  counter,  and 
integrated  circuit  Color  TV  pattern 
generator.  You  can  pay  hundreds  of 
dollars  more  for  similar  courses  and  not 
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gives  you  this 

for-learning 

...plus  complete 

Audio  Center. 

get  a  nickel’s  worth  more  in  training 
and  equipment, 

More  know-how  per  dollar 

It  all  boils  down  to  the  quality  of 
training  you  get  for  your  money.  In  our 
62-year  history,  more  than  a  million 
students  have  come  to  NRI  and  we’re 
fully  approved  for  career  training  under 
the  G.l.  Bill.  We  know  the  right  way  to 
make  home  training  pay  dividends  for  you 

Some  of  those  “right”  things  are  bite- 
size  lessons  to  ease  understanding  and 
speed  learning  .  .  .  personal 
consultation,  and  prompt  grading  of  all 
tests  ...  a  full-time  staff  of 
engineer/instructors  to  help  if  you  need 
it  .  .  .  the  right  kind  of  kits  and 
experiments  to  give  you  hands-on 
training  .  .  .  and  fully  professional 
programs  oriented  to  full  or  part-time 
career  needs. 

Also  CB,  Computer,  &  Other  Courses 

NRI  offers  not  one,  but  five  TV/Audio 
servicing  courses  so  you  can  tailor  your 
training  to  your  budget.  Or  you  can 
study  other  opportunity  fields  like  Digital 
Computer  Electronics,  Citizens  Band 
Radio,  Communications,  Aircraft  or 
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JENSEN  THREE-WAY  CAR  SPEAKER 


New  Products 


Additional  information  on  new  products 
covered  in  this  section  is  available  from 
the  manufacturers.  Either  circle  the  items 
code  number  on  the  Reader  Service  Card 
inside  the  back  cover  or  write  to  the  man¬ 
ufacturer  at  the  address  given , 


MAGITRAN  CB  THEFT  ALARM 

From  Magitran,  the  CB  10-33  Touch- Activat¬ 
ed  Alarm  is  a  self-contained  mobile  equip¬ 
ment  protection  system.  An  ear-piercing  100- 
dB  signal  is  emitted  the  instant  a  CB  unit  is 


touched.  Small  enough  to  be  concealed  un¬ 
der  the  dash,  the  unit  operates  on  a  9-volt 
transistor  battery  that  will  continuously  sound 
the  alarm  for  over  three  hours,  according  to 
the  manufacturer.  $29.95. 

CIRCLE  NO  92  ON  FREE  INFORMATION  CARD 


HEATHK1T  “COMPUTER”  COLOR  TV 

Heathkit’s  Model  GR-2001  color  TV  receiver 
kit  features  a  25"  (63.5-cm)  black-matrix  ul¬ 
tra-rectangular  picture  tube,  PLL  horizontal- 
and  vertical-hold  circuits  and  high-quality 
sound.  With  optional  accessories,  the  receiv¬ 
er  has  complete  programming  capability 
through  a  computer-like  system  that  can  be 
set  up  for  up  to  32  channel  changes  during 
any  two  12-  or  24-hour  viewing  periods.  Pro¬ 
gramming  is  via  a  calculator-type  keyboard. 
Once  accomplished,  the  programmer  takes 
over  operation  of  the  receiver,  changing 
channels  automatically  at  the  appropriate 
times.  Other  optional  items  include  an  on¬ 
screen  digital  clock  and  an  automatic  anten¬ 
na  rotor  control.  The  latter  automatically  ro¬ 
tates  the  antenna  to  the  pre-selected  direc¬ 
tions  for  best  reception  on  each  channel  with 
each  change  of  channels.  Basic  receiver  kit 
price  is  $279.95;  accessory  items  and  cabi¬ 
net  are  extra. 

CIRCLE  NO  90  ON  FREE  INFORMATION  CARD 


BOSE  SPEAKER  SYSTEM 

The  Bose  Model  901  Series  III  speaker  sys¬ 
tem  retains  the  basic  concepts  used  in  the 
original  Model  901  while  providing  better  effi¬ 
ciency,  low-bass  capability,  and  adaptability 
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to  a  wider  range  of  listening  environments.  It 
employs  the  901’s  direct /reflected  sound 
concept,  multiple  full-range  drivers,  active 
equalization,  and  uniform  power  radiation. 
New  driver  design  and  an  Acoustic  Matrix™ 
enclosure  provide  better  efficiency.  The  one- 
piece  plastic  enclosure  has  partially  isolated 
chambers,  one  for  each  driver.  Each  cham¬ 
ber  joins  one  of  three  Reactive  Air  Columns 
to  provide  a  controlled  interaction  between 
the  different  drivers.  The  enclosure  does  not 
affect  system  frequency  or  transient  re¬ 
sponse.  It  is  designed  to  reduce  cone  motion 
to  increase  accuracy  and  the  dynamic  range 
of  the  bass  response.  $749  for  two  speaker 
systems  and  equalizer  unit. 

CIRCLE  NO  93  ON  FREE  INFORMATION  CARD 

PRIDE  FREQUENCY  COUNTER  &  CLOCK 

The  Pride  TF-1000  is  a  comb  ned  frequency 
counter  and  selectable  12-  or  24-hour  digital 
clock  for  CB  and  amateur  radio  use.  The  six¬ 
digit  unit  switches  automatically  from  clock  to 
frequency  counter  when  the  transmitter  is  ac¬ 
tivated.  The  clock  continues  to  count,  and  the 
time  is  again  displayed  when  transmission  is 
completed.  The  TF-1000  operates  from  1  to 
40  MHz  and  can  be  used  with  CB  and  ama¬ 
teur  transceivers  with  outputs  from  3  to  200 
watts.  Measures  93/V'D  x  8l/2"W  x  3"H  (21.6 
x  7.6  x  24.8  cm).  $179.95. 

CIRCLE  NO  94  ON  FREE  INFORMATION  CARD 

IMSAI  PRINTER 

The  Imsai  Printer  is  a  new  44-column  dot¬ 
matrix  printer  designed  for  use  with  the  Imsai 
8080  and  many  other  computers.  The  printer 
interfaces  to  an  8-bit  parallel  port.  It  is  said  to 
be  simple  to  program  and  install.  It  is  self- 
contained,  with  case,  cable,  power  supply, 


timing,  control  and  character  generation  in¬ 
cluded.  The  font  is  the  standard  64-character 
ASCII  subset;  double-size  characters  are 
software  selectable.  An  automatic  line- 
wraparound  feature  prints  lines  with  more 
than  44  characters  on  two  lines.  Multiple 
copies  can  be  printed  using  carbon  or  NCR 
paper.  $399  kit,  $549  assembled. 

CIRCLE  NO  95  ON  FREE  INFORMATION  CARD 


Jensen’s  flush-mount  Triaxial  is  said  to  be  the 
only  car  stereo  speaker  on  the  market  with  a 
woofer,  tweeter  and  midrange  driver  in  one 
unit.  The  woofer  is  6"  x  9",  the  3"  midrange  is 
direct-radiating,  2"  tweeter  is  solid  state.  Rat¬ 
ed  at  35  watts,  the  speakers  are  compatible 
with  4-  and  8-ohm  radio  or  tape  units.  The  kit 
includes  two  speakers  with  20-oz  magnets, 
grilles,  mounting  hardware,  and  connecting 
cables,  at  $11 4.95. 

CIRCLE  NO  91  ON  FREE  INFORMATION  CARD 

GE  40-CHANNEL  CB  TRANSCEIVER 

General  Electric’s  Model  3-5812  40-channel 
mobile  CB  transceiver  features  a  warning 
light  that  alerts  the  user  that  the  antenna  sys¬ 
tem  needs  adjustment.  Other  features  in¬ 
clude  internal  burnt-out  protection  for  up  to 
five  minutes  of  transmission  time,  switchable 
noise  blanker,  ANL,  delta  tuning,  *  PA, 


squelch,  and  modulation  indicator.  Power 
output  is  rated  at  the  4-watt  legal  maximum; 
adjacent  channel  selectivity  is  50  dB  at  ±10 
kHz;  and  receiver  sensitivity  at  0.5  fxV.  Meas¬ 
ures  8"D  x  6l/2"W  x  214"H  (20.3  x  16.5  x  5.7 
cm).  $174.95. 

CIRCLE  NO  96  ON  FREE  INFORMATION  CARD 


CROWN  STEREO  EQUALIZER 

The  Crown  Model  EQ-2  is  an  1 1-band/chan- 
nel  stereo  equalizer  that  provides  full  equali¬ 
zation  from  20  Hz  to  20  kHz.  Each  band  fea¬ 
tures  a  ±  1 5  dB  boost  or  cut  capability.  The  fil¬ 
ters  are  half-octave,  constant-bandwidth  de¬ 
sign,  set  nominally  on  octave  centers.  Each 
filter  has  an  associated  control  that  allows  a 


±0. 5-octave  adjustment  of  the  center  fre¬ 
quency.  The  two  channels  can  be  cascaded 
to  produce  a  full-range,  half-octave  equalizer. 
Shelving-type  tone  controls  permit  adjusting 
bass  or  treble  frequency  response  before  de¬ 
tailed  equalization.  LED  clipping-level  indica¬ 
tors  monitor  four  critical  internal  points  to  sig¬ 
nal  overloading.  Automatic  5-to-7-second 
muting  at  turn-on  prevents  the  passing  of 
system  turn-on  transients  to  the  speakers. 
Frequency  response  is  10  Hz  to  100  kHz 


POPULAR  ELECTRONICS 


What  you  dont  hear 
is  as  impressive 
as  what  you  do. 


Up  to  now  the  most  you  could  expect  from  a 
medium-priced  cassette  deck  was  rather 
medium  performance.  But  now  there's  the 
RS-630US.  The  medium-priced  cassette  deck 
with  high-priced  performance. 

We  started  by  going  to  work  on  the  sounds 
you  don't  want  to  hear  with  any  cassette  deck. 
When  we  finished,  we  ended  up  with  virtually 
inaudible  wow  and  flutter  (0.09%  WRMS). 
Negligible  distortion.  Transistorized  switching 
that  reduces  signal  loss.  And  a  S/N  ratio  where 
there's  practically  no  room  for  noise  (  — 63dB 
with  Dolby*  and  OO2  tape). 

That's  what  you  won't  hear.  What  you  will 
hear  is  a  frequency  response  of  30Hz  to  16kHz 
(OO2  tape).  That  means  cymbals,  brass  and 
strings  will  sound  crisp,  smooth  and  natural. 
The  reasons:  A  super  alloy  tape  head  formed 
under  intense  heat  and  pressure.  As  well  as 
high-grade  premium  transistors. 


You  can  also  forget  tape  hiss.  Because  we 
use  a  two-stage  direct-coupled  equalizer  as 
well  as  Dolby.*  So  that  soft  musical  passages 
will  remain  quiet. 

The  RS-630US  also  has  highly  accurate 
peak-check  meters  that  let  you  set  the 
recording  levels  without  the  fear  of  overload 
distortion.  So  you  get  highly  accurate 
recordings.  With  excellent  dynamic  range. 

There  are  also  dual  output  level  controls.  A 
OO2  tape  selector  switch.  A  lockable  pause 
control.  And  Auto-Stop  at  the  end  of  the  tape 
in  both  record  and  playback  modes. 

So  if  you've  been  looking  for  a  cassette 
deck  with  outstanding  performance,  audition 
the  RS-630US.  It  only  sounds  expensive. 

•Dolby  is  a  trademark  of  Dolby  Laboratories,  Inc. 

Cabinetry  is  simulated  wood. 

Technics 

by  Panasonic 

CIRCLE  NO.  61  ON  FREE  INFORMATION  CARO 


EICO's  30  Years  Experience 
Assures  More  Electronics  Value 
For  Your  Money! 


TEST  INSTRUMENTS 


EICO  388  COLOR  BAR  GENERATOR 

Pocket-size,  battery  operated  with  LED  Indi¬ 
cator.  MOS  LSI  IC  provides  9  digitally  con¬ 
trolled,  stable  patterns.  Crystal  controljed 
chroma  and  timing  oscillators.  Simply  con¬ 
nects  to  TV’s  VHF  antenna  terminals. 

Wired  $89.95 

EICO  390  FUNCTION/SWEEP  GENERATOR 

Outstanding  features  include:  Sine,  Square, 
Triangle  Waveforms;  .2  Hz  to  -200  KHz  fre¬ 
quency  range;  Linear  and  Log  Sweep:  Cal¬ 
ibrated  attenuator,  VCO  for  External  Frequency 
Control;  BNC  Front  Panel  Output. 


CB  ACCESSORIES 


EICO  700  CB  FREQUENCY  COUNTER 

Compact  in-line  mobile  frequency  counter  for 
the  serious  CB’er/Hobbyist.  Operates  auto¬ 
matically  on  transmit.  10  Hz  to  30  MHz.  $99.95 

EICO  LR-3  “LONG  RANGER”  INLINE 
PREAMP 

Bring  in  those  distant/weak  signals.  Boosts 
receiver  sensitivity  up  to  20  db.  Automatic 
transmit/receive  switching.  $29.95 

EICO  CM-2  “CHANNEL  MONITOR” 
AUTO-SWITCH 

Automatically  silences  car  radio  when  CB  call 
is  received/transmitted.  $29.95 


Wired  $169.95 


EICOCRAFT  IC  KITS 


HOBBY/AUTOMOTIVE 


EC-5000 

SCA 

ADAPTOR  KIT 
ONLY  $12.95 


Convert  your  FM  radio  or  receiver  to  pick  up 
the  official  FCC-!icensed  background  music 
service  (SCA).  IC  decoder/adaptor  permits 
hearing  uninterrupted,  commcrcial-free  music 
broadcast  by  many  FM  stations  (For  personal, 
non-commercial  use  only). 

IC  PROJECT  KITS  NOW  AVAILABLE 

EC-5100  ESP  Tester  SI 0.95 
EC-5200  "Decision  Maker”  S9.95 
EC-5400  Stereo  Power  Amplifier  $10.95 
EC-5500  Stereo  Pre-Amp  S9.95 
EC-5600  Electronic  Lock  $11.95 
EC-5700  Universal  Power  Amp  S8.95 


BURGLAR/FIRE  ALARMS 


BW-300  ALPHA  BRAINWAVE  MONITOR 

Lowest  cost,  battery  operated,  professional 
Biofeedback  System.  IC  Circuit  design  fea¬ 
tures  an  active  filter  and  5-microvolt  sensi¬ 
tivity.  Complete  with  stethescopic  earphone, 
electrode  headband  and  instructions. 

Kit  $34.95  Wired  $59.95 

885  “TUNEMASTER”  ENGINE  ANALYZER 

Automatic  all-in-one  test  bench  for  all  6  or  12 
volt  ignitions— conventional  or  transistorized. 
Giant  6"  meter  with  6  color  coded  scales.  Com¬ 
plete  with  tune-up  and  trouble-shooting  manual. 

Wired  $59.95 


FREE  EICO  CATALOG 


SS-500  BURGLAR/FIRE  ALARM  SYSTEM 

Professional  Security  System  designed  for  easy 
do-it-yourself  installation.  Features  EICO  FC- 
100  Control  Center  with  AC/ DC  automatic 
transfer  to  battery  operation.  Complete  system 
includes  Installation  Handbook.  Add  additional 
sensors,  bells,  to  suit  your  own  needs.  $159.95 
SD-75  BATTERY  OPERATED  FIRE/SMOKE 
ALARM 

lonizalion-type  detector  gives  earliest  possible 
fire  warning.  Mounts  directly  to  ceiling  with  2 
screws.  "Beeps”  when  battery  needs  replace¬ 
ment.  U.L.  listed.  $39.95 


The  more  you  know  about  electronics,  the 
more  you’ll  appreciate  EICO.  Every  EICO  prod¬ 
uct  is  designed  to  provide  you  with  the  most 
pleasure  and  quality  performance  for  your 
money  The  fact  that  more  than  3  million  EICO 
products  are  in  use  attests  to  their  quality 
and  performance. 


“BUILD-IT-YOU  RSELF”  and  save  up  to  50% 
with  our  famous  electronic  kits. 


For  the  latest  EICO  Catalog  and  name  of  near¬ 
est  EICO  Distributor,  check  reader  service 
card  or  send  50£  for  fast  first  class  mail  service. 

EICO-283  Malta  Street,  Brooklyn,  N.Y.  11207 


Leadership  in  creative 
electronics  since  1945 . 


±0.3  dB;  20  Hz  to  20  kHz  ±0.1  dB.  Measures 
1 9"W  x  1 4V£"D  x  7Vz"H  (48.3  x  36.8  x  1 9  cm). 
$899. 

CIRCLE  NO.  97  ON  FREE  INFORMATION  CARO 

RAIDER  ROOF-TOP  CB  ANTENNA 

Designed  for  permanent  installation,  the 
Model  700  roof-top  antenna  from  Raider  is  for 
pickup  trucks,  station  wagons,  campers,  rec¬ 
reational  vehicles  and  standard  passenger 
cars.  The  snap-in  mount  provides  support  for 
the  antenna,  which  is  said  to  be  largely  unaf¬ 
fected  by  high  wind  velocities.  The  only  tools 
required  for  installation  are  an  electric  drill 
with  a  %"  bit,  adjustable  wrench,  and  a  pair  of 
wire  cutters.  The  700  comes  with  a  stainless- 
steel  whip,  chrome-plated  shock  spring,  or 
snap-in  mount,  and  17  feet  of  coaxial  cable 
with  a  standard  PL-259  plug  at  one  end. 
$19.95. 

CIRCLE  NO.  98  ON  FREE  INFORMATION  CARO 

SCOn  STEREO  RECEIVER 

Scott’s  new  medium-price  Model  R336  AM/ 
stereo  FM  receiver,  features  clutched  bass 
and  treble  controls.  Rated  at  42  watts  per 


channel  with  less  than  0.3%  THD,  the  receiv¬ 
er  has  less  than  0.15%  IM  distortion.  The  re¬ 
ceiver  features  two  independent  tape  moni¬ 
tors,  signal-strength  and  center  tuning  me¬ 
ters,  and  a  three-position  FM  deemphasis 
switch.  $400. 

CIRCLE  NO.  99  ON  FREE  INFORMATION  CARD 


EDSYN  DESOLDERING  TOOL 

The  “Silverstat  Soldapult”  from  Edsyn  is  a 
manual  desoldering  tool  said  to  protect  sensi¬ 
tive  FET  and  MOSFET  devices  from  failure 
due  to  static  electricity,  while  isolating  the  op¬ 
erator  from  a  direct  short.  The  tool  is  a  hand¬ 
held  spring-loaded  vacuum  device  with  fully 
enclosed  loading  shaft,  high/low  vacuum  ad¬ 
justment,  and  fast  bayonet-type  disassembly. 
A  conductive  plastic  tip  and  barrel  housing  is 
said  to  allow  any  built-up  static  charge  to 
drain  off  harmlessly  through  the  hand  to 
ground. 

CIRCLE  NO.  100  ON  FREE  INFORMATION  CARD 

ONEIDA  COLOR  PICTURE  TUBE  RESTORER 

From  Oneida,  the  Nu-Color  restorer  is  said  to 
restore  all  needed  colors  to  old  color  picture 
tubes.  The  restorer  plugs  into  most  70°  and 
90°  picture  tubes  and  has  separate  slide- 
potentiometer  adjustments  for  the  three  col¬ 
ors.  The  original  color  strength  is  restored 
through  “boosted  and  individual  biasing  net¬ 
works  that  increase  emission  and  maintain 
constant  color  levels.”  Two  models  (70A  and 
90A)  accommodate  most  12"  (30.5-cm) 
through  25"  (63.5-cm)  color  picture  tubes. 
$24.95  each.  Address:  Oneida  Electronic 
Mfg.,  Inc.,  Meadville,  PA  16335. 
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CIRCLE  NO.  22  ON  FREE  INFORMATION  CARD 


POPULAR  ELECTRONICS 


Semiconductor  Industry  Booms 


3-D  Television 


Sales  of  consumer  electronics  products  reached  approx¬ 
imately  $10  billion  in  1975.  According  to  a  report  by  the 
Business  Communications  Company,  $2.5  billion  of 
these  sales  came  from  a  new  group  of  products  that  in¬ 
clude  CB  radios,  scanners,  hand-held  calculators,  wide¬ 
screen  TV  and  telephone  answering  devices.  Tied  to  the 
rapidly  changing  lifestyle  of  the  typical  consumer,  this 
new  group  is  expected  to  become  a  $7.7  billion  market 
by  1980,  reaching  $13.5  billion  by  1985. 

Solar-Powered  Calculator 

Royal  Solar  I,  a  solar-powered  hand-held  electronic  cal¬ 
culator,  has  been  introduced  by  Litton  Industries.  The 
pocket-size  unit  operates  without  conventional  batte¬ 
ries,  recharging  itself  continuously  when  exposed  to 
artificial  light  or  sunlight.  It  uses  46  miniature  solar  cells 
on  its  surface.  The  display  is  a  liquid  crystal  device  with 
8-digit  capacity,  signs  for  memory  usage,  minus  sign 
and  capacity  overflow.  It  is  expected  to  retail  for  $99.95. 

Direct-to-Disc  LP’s 

“Direct-to-disc”  phono  albums  are  being  made  avail¬ 
able  by  Audio  Technica.  Unlike  conventional  LP’s,  di- 
rect-to-disc  records  bypass  the  tape  recording  stage  of 
production.  Studio  performances  are  mixed  and  record¬ 
ed  directly  onto  a  master  disc,  eliminating  the  problems 
of  tape  noise,  distortion  and  limited  dynamic  range.  The 
albums,  available  under  the  “Umbrella”  label,  will  re¬ 
tail  at  $12.95. 


Three-dimensional  television  is  no  longer  a  science 
fiction  writer’s  fantasy.  A  method  of  wide-screen  3-D 
video  projection,  developed  by  Bruce  D.  Stephens,  a 
television  producer  and  consultant,  enables  stereoscop¬ 
ic  presentations  of  live  or  prerecorded  television  pro¬ 
gramming  with  the  image  size  and  width  of  a  wide¬ 
screen  motion  picture.  As  is  required  of  all  stereoscopic 
methods,  the  left  and  right  eye  orientations  of  the  same 
scene  must  be  segregated  and  assigned  to  the  appropri¬ 
ate  eye  of  each  observer.  In  this  technique,  the  two  dif¬ 
fering  orientations  are  projected  through  a  polarizer  and 
re-directed  toward  the  screen  so  they  are  superimposed. 
“Polalite”  viewing  spectacles  allow  each  eye  to  see 
only  the  viewpoint  intended  for  it,  resulting  in  full  depth 
perception.  Motion  picture  3-D  presentations  used  this 
principle  in  the  past. 

Kirlian  Photography  Debunker 

Kirlian  photography — recording  on  film  the  aura  ema¬ 
nating  from  a  human  body — is  said  to  be  due  to  an  elec¬ 
trical  phenomenon  related  to  the  amount  of  moisture  in 
the  skin,  according  to  researchers  in  Science.  Some  had 
purported  that  the  brightness  of  an  aura,  as  depicted  in  a 
Kirlian  photograph,  reflected  one’s  mental  and  physical 
health.  Researchers  have  found  that  the  amount  of  wa¬ 
ter  in  the  skin  determines  the  size  and  brightness  of  the 
aura  recorded  on  film.  The  dryer  the  skin,  the  brighter 
the  aura.  The  moisture  is  said  to  be  transferred  to  the 
film,  changing  the  electrical  discharge  pattern  that  is 
triggered  by  the  metal  plate  under  the  film. 


1x2  Callsigns 

The  FCC  has  announced  an  amendment  to  its  Rules  to 
permit  the  issuance  of  specific  1  x  2  callsigns  (callsigns 
with  one  letter,  one  digit  and  two  letters)  in  the  Amateur 
Band,  with  suffixes  beginning  with  the  letter  “X”  or 
prefixed  by  the  letter  “N.”  These  will  be  available  to 
eligible  Amateur  Extra  Class  applicants. 

E.I.A.  Activities 

The  El  A  has  spoken  out  against  proposed  legislation  by 
Congress  to  form  a  new  Federal  agency  to  act  as  con¬ 
sumer  advocate  in  all  types  of  consumer  action.  The 
Consumer  Electronics  Group  of  the  EIA  questioned  the 
need  for  this  proposed  agency  as  costly  and  unneces¬ 
sary  with  the  potential  for  creating  problems  for  both 
business  and  the  consumer.  The  threat  of  a  presidential 
veto  caused  sponsors  to  drop  the  measure  for  the  pres¬ 
ent.  However,  revised  legislation  is  expected  to  be  in¬ 
troduced  in  the  future. 

The  American  National  Metric  Council  recently  formed 
to  study  metrication  and  start  a  “think  metric”  program 
in  the  United  States  has  named  the  EIA  as  secretariate 
to  its  Electronic  Equipment  and  Components  Sector 
Committee. 


Holiday  Inns’  CB  Netwprk 

Holiday  Inns  has  announced  plans  to  provide  a  nation¬ 
wide  citizens  band  network  to  assist  motorists  who  need 
road  information  or  help  due  to  mechanical  breakdown. 
The  program  is  currently  being  tested  among  15  Holiday 
Inns  in  the  Boston  area.  Also  being  studied  is  an  ar¬ 
rangement  set  up  by  the  Maryland  State  Troopers  in 
cooperation  with  that  state’s  department  of  tourism, 
where  a  separate  channel  has  been  reserved  for  dispens¬ 
ing  road  information.  This  eliminates  most  of  the  inter¬ 
ference  and  interruptions  that  occur  on  the  regular 
channels. 

Hams  to  Sail 

Licensed  hams  will  be  able  to  operate  a  high-power 
amateur  station  on  board  the  Santa  Mercedes ,  during  a 
56-day  cruise  offered  by  Prudential  Lines.  Departing 
from  San  Francisco  April  26  (from  Los  Angeles  April 
28)  the  ship  will  cruise  to  Mexico,  the  Caribbean  and 
completely  around  South  America.  Instruction  in  code 
classes  and  license  upgrading  will  be  available  along 
with  a  variety  of  social  activities.  For  additional  infor¬ 
mation  write:  Prudential  Lines,  One  California  Street, 
San  Francisco,  CA  94111. 
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The 

phono  cartridge 
that  doesn’t  compromise 

any 

modern  record. 

AT15Sa 


II  xff  iEln!i'S/-AI 

:  BEST  FOR  1/2/4  CHANNEL  S 


Choosing  an  AT15Sa. 
can  add  more  listen¬ 
ing  pleasure  per  dollar 
than  almost  anything  else 
in  your  hi-fi  system.  First,  because 
it  is  one  of  our  UNIVERSAL  phono 
cartridges.  Ideally  suited  for  every 
record  of  today:  mono,  stereo,  ma¬ 
trix  or  discrete  4-channel.  And  look 
at  what  you  get. 

Uniform  response  from  5  to  45,000 
Hz.  Proof  of  audible  performance  is 
on  an  individually-run  curve,  packed 
with  every  cartridge. 

Stereo  separation  is  outstanding.  Not 
only  at  1  kHz  (where  everyone  is  pretty 
good)  but  also  at  10 
kHz  and  above  (where 
others  fail).  It’s  a  result 
of  our  exclusive  Dual 
Magnet*  design  that 
uses  an  individual  low-mass  magnet 
for  each  side  of  the  record  groove. 
Logical,  simple  and  very  effective. 

Now,  add  up  the  benefits  of  a  genu¬ 
ine  Shibata  stylus.  It’s  truly  the  stylus 
of  the  future,  and  a  major  improve¬ 
ment  over  any  elliptical  stylus.  The 
AT15Sa  can  track  the  highest  record¬ 
ed  frequencies  with  ease,  works  in 

*TM.  U.S.  Patent  Nos.  3,720,796  and  3,761,647. 


any  good  tone  arm  or 
player  at  reasonable 
settings  (1-2  grams), 
yet  sharply  reduces  record 
wear.  Even  compared  to  ellipticals 
tracking  at  a  fraction  of  a  gram.  Your 
records  will  last  longer,  sound  better. 

Stress  analysis  photos  show  concentrated  high  pres¬ 
sure  with  elliptical  stylus  (left),  reduced  pressure, 
less  groove  distortion  with  Shibata  stylus  (right). 

The  ATl5Sa  even  helps  improve  the 
sound  of  old,  worn  records.  Because 
the  Shibata  stylus  uses  parts  of  the 
groove  wall  probably  untouched  by 
other  elliptical  or  spherical  styli.  And 
the  AT15Sa  Shibata  stylus  is  mount¬ 
ed  on  a  thin-wall  tapered  tube,  using 
a  nude  ^ware-shank  mounting.  The 
result  is  less  mass  and  greater  precision 
than  with  common  round-shank  styli. 
It  all  adds  up  to  lower  distortion  and 
smoother  response.  Differences  you 
can  hear  on  every  record  you  play. 

Don’t  choose  a  cartridge  by  name  or 
price  alone.  Listen.  With  all  kinds  of 
records.  Then  choose.  The  AT15Sa 
UNIVERSAL  Audio-Technica  car¬ 
tridge.  Anything  less  is  a  compromise. 


audio-technica 

INNOVATION  □  PRECISION  □  INTEGRITY 

AUDIO-TECHNICA  U.S.,  INC.,  Dept.  27P,  33  Shiawassee  Ave.,  Falrlawn,  Ohio  44313 


New  Literature 


ELECTRONIC  PROJECT  CATALOG 

Graymark  Enterprises  offers  a  catalog  listing 
over  50  electronic  projects  and  1000  elec¬ 
tronic  components.  Among  the  items  listed 
are  a  strobe  light,  color  organ,  metal  detector 
and  amplifier.  Address:  Graymark  Enter¬ 
prises,  Box  1 7359,  Irvine,  CA  92713. 


DIGITAL  INSTRUMENT  CATALOG 

An  8-page  catalog  entitled  “Digitals”  covers  a 
wide  variety  of  digital  instruments  ranging 
from  programmers,  digital  clocks,  a  digital 
clock/thermomenter  and  timers,  to  digital  fre¬ 
quency  counters.  Each  instrument  is  illustrat¬ 
ed  and  complete  specs  are  provided.Ad- 
dress:  ESE,  5051/2  Centinela  Ave.,  Ingle¬ 
wood,  CA  90302. 


BUYER’S  GUIDE  TO  MULTIMETERS 

A  new  brochure  from  Amprobe  Instrument, 
“Buying  One  of  the  More  Popular  VOM’s,” 
describes  features  and  applications  of  com¬ 
parable  VOM’s  from  three  major  manufactur¬ 
ers.  The  brochure  includes  specification  in¬ 
formation  on  resistances,  ac  and  dc  current, 
temperature,  sensitivity,  fuse  protection, 
ranges,  dimensions  and  standard  accesso¬ 
ries.  Address:  Amprobe  Instrument  Div.  of 
SOS  Consolidated,  Inc.  630  Merrick  Rd., 
Lynbrook,  NY  11563. 


EDMUND  CATALOG 

Edmund  Scientific’s  new  164-page  catalog, 
#771,  contains  over  4500  items  for  experi¬ 
menters,  students  and  hobbyists.  Among  the 
many  items  described  are  an  ultraminiature 
AM  radio  that  measures  only  1  11/16"  x 
1  3/16"  x  11/16";  solar  collector  panels  for 
house  and  water  heating;  and  Biosone  II,  an 
alpha/theta  monitor  that  identifies  electro¬ 
chemical  activity  in  the  human  body.  Ad¬ 
dress:  Edmund  Scientific  Co.,  380  Edscorp 
Bldg.,  Barrington,  NJ  08007. 


DATA  COMMUNICATIONS  BULLETIN 

A  new,  5-page  bulletin  from  Tele-Dynamics 
describes  its  line  of  data  communications 
equipment,  including  modems,  acoustic  cou¬ 
plers,  frequency  division  multiplex  subsets 
and  test  equipment.  Each  product  is  illustrat¬ 
ed  and  specifications  and  applications  infor¬ 
mation  are  provided.  Also  included  is  a  sec¬ 
tion  on  available  accessories.  Address:  Tele- 
Dynamics  Division  of  AMBAC  Industries,  Fort 
Washington,  PA  1 9034. 


16 
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POPULAR  ELECTRONICS 


Stereo  Scene 


By  Ralph  Hodges 


HALLOWEEN  AT  THE  WALDORF 


NEW  YORK’S  annual  Audio  Engi¬ 
neering  Society  convention  (held  at 
the  Waldorf  Astoria)  generally  falls  on 
and  around  October  31 .  Since  the  busi¬ 
ness  of  this  distinguished  gathering  is  to 
exchange  tricks  and  (one  hopes)  treats, 
the  date  is  highly  appropriate. 

I  had  hoped  in  this  single  column  to 
cover  most  of  the  highlights  of  the  1976 
convention.  As  things  have  turned  out, 
I’ve  barely  found  room  to  deal  with  three 
papers  out  of  dozens  that  were  present¬ 
ed.  All  three  do  relate  to  a  common  sub¬ 
ject,  however — one  that  is  perhaps 
especially  seasonal  because  it  involves 
a  trick  and  also  a  bit  of  a  masquerade. 

The  Ultimate  Illusion.  Many  feel 
that  the  ultimate  audio  illusion — and  the 
final  objective  of  high  fidelity — is  to  be 
able  to  turn  (acoustically)  a  small  room 
into  a  large  one,  a  large  room  into  an 
open-air  environment,  and  an  open-air 
environment  back  into  a  small  room.  As 
usual,  several  papers  dealing  with  as¬ 
pects  of  this  subject  were  presented.  Ig¬ 
noring  the  quadraphony  papers  for  the 
moment  (or  at  least  until  I  understand 
them),  the  rest  dealt  with  how  the  illusion 
of  acoustic  space  (i.e.,  large  and  small 
rooms,  or  no  room  at  all)  can  be  simulat¬ 
ed  with  the  ever-growing  resources  for 
signal  processing  we  now  have  avail¬ 
able.  "Faking  it”  in  this  way  bothers 
some  purists,  including  myself.  But  it  is 
probably  true  that  if  we  can  learn  to  fake 
it  successfully,  we  will  learn  in  the  proc¬ 
ess  how  to  design  and  place  micro¬ 
phones  so  as  to  properly  capture  the 
real  thing. 

First  of  all,  what  makes  rooms  acous¬ 
tical  entities,  identifiable  as  large  or 
small,  dead  or  bright,  when  we  hear  mu¬ 
sic  played  in  them?  Sound  reflections 
reaching  us  from  the  room’s  surfaces,  of 
course.  But  then,  what  differences  in  re¬ 
flections  account  for  the  different  sounds 
of  rooms?  Depending  on  the  room,  re¬ 
flections  differ  in  their  arrival  times  (how 
long  they  take  to  reach  us  after  the 
sound  coming  directly  from  the  musical 


instrument  is  heard),  spectral  shape  (al¬ 
terations  in  the  reflections’  frequency 
balance),  and  density  (number  of  reflec¬ 
tions  heard  per  unit  of  time). 

To  paraphrase  Daniel  Queen’s  latest 
paper  (which  he  did  not  officially  pres¬ 
ent,  but  which  was  available  if  you  cor¬ 
nered  him  in  the  corridor  and  asked  for 
it),  arrival  times  of  reflections  fall  into 
three  categories  (see  Fig.  1):  arrivals 
within  1  millisecond,  those  within  65  mil¬ 
liseconds,  and  those  within  1 , 2,  or  even 
4  seconds.  The  1 -millisecond  arrivals,  if 
strong  enough,  are  bad:  they  interfere 
with  our  localization  of  the  original  sound 
source  (confuse  the  stereo  image,  if  you 
will).  Arrivals  within  from  1  to  65  mil¬ 
liseconds  are  generally  good;  they 
“fuse”  with  the  direct  sound,  making  it 
seem  louder  (however,  they  also  pro¬ 
foundly  affect  the  perceived  spectral 
shape  of  the  sound,  which  may  not  al¬ 
ways  be  good).  Arrivals  after  65  mil¬ 
liseconds  can  be  good  or  bad;  they  are 
perceived  as  room  reverberation  de¬ 
tached  from  the  original  sound,  and  they 
may  be  heard  as  a  rich  afterglow  or  a 
ragged  string  of  echoes.  As  Queen 
points  out,  they  tend  to  diminish  intelligi¬ 
bility,  but  they  are  vital  to  our  apprecia¬ 
tion  of  certain  types  of  music. 

Fortunately,  arrivals  within  1  mil¬ 
lisecond  are  rarely  troublesome,  be¬ 
cause  the  reflecting  surface  has  to  be 


Fig.  1.  A  1-ms  sonic  impulse 
and  its  reverberation  train. 


very  close  to  either  the  sound  source  or 
the  listener  for  them  to  occur  (although 
the  cabinets  of  some  speaker  systems 
provide  such  surfaces,  as  do  the  cases 
and  lids  of  grand  pianos,  which  can 
make  them  exasperatingly  difficult  to 
record).  Arrivals  within  65  milliseconds 
dominate  in  small  rooms,  which  is  why 
music  sounds  so  loud  in  them.  But  after 
65  milliseconds  the  absorptive  materials 
in  the  small  room  have  soaked  up  al¬ 
most  all  this  reflected  sound  energy. 

In  a  large  room  such  as  a  concert  hall, 
a  sound  may  easily  have  travelled  for  65 
milliseconds  (roughly  corresponding  to 
65  feet)  before  it  undergoes  even  its  first 
reflection  from  a  wall  or  ceiling.  Since  it 
is  these  “bounces”  from  walls  and  ceil¬ 
ings  that  account  for  much  of  the  ab¬ 
sorption  of  sound  (and  in  a  small  room 
many  bounces  will  take  place  within  65 
milliseconds  for  all  possible  sound 
paths),  a  concert  hall  doesn’t  even  begin 
to  assert  its  absorptive  influence  until 
many  milliseconds  have  passed.  That  is 
why  large  auditoriums  tend  to  have  such 
prominent  reverberation,  and  why  ar¬ 
chitects  strive  so  mightily  to  make  that 
reverberation  sound  “nice.”  (This  is  not 
to  say  that  concert  halls  provide  the  lis¬ 
tener  no  reflective  arrivals  within  65  mil¬ 
liseconds;  a  good  hall  provides  many, 
and  they  are  very  important.) 

Turning  the  Trick.  Well,  that  seems 
simple  (although  lengthy)  enough.  All 
we  need  do  to  turn  our  pitiful  listening 
rooms  into  splendorous  opera  houses  is 
to  provide  reflected  sounds  persisting 
longer  than  65  milliseconds.  And  we  can 
provide  that  (since  our  rooms  cannot) 
with  delayed  sounds  coming  either  from 
distantly  spaced  microphones  (four- 
channel  recordings  of  the  “ambient” 
type,  in  other  words),  or  with  artificially 
created  delays  (tape  delays,  bucket- 
brigade  or  even  digital  delays,  reverber¬ 
ation  systems  using  metal  plates, 
springs,  or  tiled  bathrooms,  long  card¬ 
board  tubes  with  a  speaker  at  one  end 
and  a  microphone  at  the  other,  almost 
ad  infinitum).  Hence  our  resources  are 
vast.  Unfortunately,  the  results  achieved 
with  them  have  been  generally  disap¬ 
pointing. 

Many  people  have  by  now  heard  four- 
channel  stereo  or  some  other  technique 
that  attempts  to  alter  acoustical  space. 
Few,  1  suspect,  have  ever  heard  the 
walls  of  the  listening  room  seem  to  dis¬ 
appear,  as  they  should.  We  admire  the 
ingenuity  of  the  hardware,  the  onward 
march  of  separation  figures,  and  the  ex¬ 
quisite  construction  of  the  theoretical 
foundation.  We  even  hear  improvement 
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Advanced  Electronics 


Be  the 
“New 
Professional” 
in  electronics 


CREI  trains  you  at  home 
for  one  of  the  most  important 
career  levels  in  electronics— 
plus  offers  you  special 
arrangements  for  engineering 

degrees 


Most  people  think  there  are  only  two 
levels  of  careers  in  electronics:  the 
technician  level  and  that  of  the  degree 
engineer. 

There  is,  however,  a  third  and  very  im¬ 
portant  level.  It  is  that  of  the  engineering 
technician  or  practical  engineer.  The 
growing  importance  of  this  career  level 
has  created  what  might  well  be  called  the 
“New  Professional”  in  electronics. 

If  you  look  at  the  various  levels  of  em¬ 
ployment  in  electronics,  you  will  under¬ 
stand  why  this  “New  Professional”  is  so 
important. 

The  average  technician  is  a  person 
who  has  had  vocational  training  in  elec¬ 
tronics.  He  understands  the  basic  prin¬ 
ciples  of  electronics  so  he  can  trouble¬ 
shoot,  repair  and  maintain  equipment. 
He  usually  works  under  close  super¬ 
vision  in  performing  his  duties. 

The  engineer  has  college  training  in 
electronics.  He  usually  supervises  tech¬ 
nician  personnel  and  is  responsible  for 
planning  and  developing  of  electronic 
equipment  and  systems.  Frequently, 
however,  engineers  are  more  heavily 
trained  in  the  scientific  principles  of 
electronics  and  less  in  their  practical 
application. 

The  engineering  technician,  by  con¬ 
trast,  is  a  specialist  in  the  practical  appli¬ 
cation  of  electronics.  His  training  usually 
consists  of  a  two-year  college  program 
in  electronic  engineering  technology.  In 
many  organizations,  the  engineering  tech¬ 
nician  handles  several  of  the  respon¬ 
sibilities  of  the  degree  engineer.  He  often 
has  the  title  of  engineer. 

CREI  programs  are  designed  to  give 
you  at  home  the  same  level  and  depth  of 
training  you  receive  in  a  two-year  col¬ 
lege  program  in  electronic  engineering 
technology.  CREI  programs  are,  in  fact, 
more  extensive  than  you  will  find  in 
many  colleges.  And  CREI  gives  you  the 
opportunity  to  specialize  in  your  choice 
of  the  major  fields  of  electronics. 

Unique  Design  Lab 

CREI  gives  you  both  theory  and  prac¬ 
tical  experience  in  circuit  design  with  its 
Electronic  Design  Laboratory  Program. 
The  professional  equipment  included  in 
this  program  allows  you  to  construct, 
test  out  and  correct  the  circuits  you  de¬ 
sign  until  you  have  an  effective  circuit. 

This  Lab  Program  helps  you  under¬ 
stand  advanced  electronics.  It  also  gives 
you  practical  experience  in  many  other 
important  areas  of  electronics,  as  in  pro- 
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Career  Training  at  Home 


totype  construction,  breadboarding,  test 
and  measurement  procedures,  circuit 
operation  and  behavior,  characteristics 
of  electronic  components  and  how  to 
apply  integrated  circuits. 

Only  CREI  offers  the  unique  Lab  Pro¬ 
gram.  It  is  a  complete  college  Lab  and, 
we  believe  better  than  you  will  find  in 
most  colleges.  The  “Lab”  is  one  of  the 
factors  that  makes  CREI  training  inter¬ 
esting  and  effective.  And  the  profes¬ 
sional  equipment  in  this  program  be¬ 
comes  yours  to  keep  and  use  throughout 
your  professional  career  after  you  com¬ 
plete  the  training. 

Engineering  Degree 

CREI  offers  you  special  arrangements 
for  earning  credit  for  engineering  de¬ 
grees  at  certain  colleges  and  universities 
as  part  of  your  home  study  training  pro¬ 
gram.  An  important  advantage  in  these 
arrangements  is  that  you  can  continue 
your  full  time  job  while  “going  to  col¬ 
lege”  with  CREI.  This  also  means  you 
can  apply  your  CREI  training  in  your 
work  and  get  practical  experience  to 
qualify  for  career  advancement. 

Wide  Program  Choice 

CREI  gives  you  a  choice  of  specializa¬ 
tion  in  14  areas  of  electronics.  You  can 
select  exactly  the  area  of  electronics 
best  for  your  career  field.  You  can  spe¬ 
cialize  in  such  areas  as  computer  elec¬ 
tronics,  communications  engineering, 
microwave,  CATV,  television  (broad¬ 
cast)  engineering  and  many  other  areas 
of  modem  electronics. 

Free  Book 

In  the  brief  space  here,  there  isn’t  room 
to  give  you  all  of  the  facts  about  CREI 
college-level,  home  study  programs  in 
electronics.  So  we  invite  you  to  send  for 
our  free  catalog  (if  you  are  qualified  to 
take  a  CREI  program).  The  catalog  has 
over  80,  fully  illustrated  pages  describing 
your  opportunities  in  advanced  electron¬ 
ics  and  the  details  of  CREI  home  study 
programs. 

Qualifications 

You  may  be  eligible  to  take  a  CREI  col¬ 
lege-level  program  in  electronics  if  you 
are  a  high  school  graduate  (or  the  true 
equivalent)  and  have  previous  training 
or  experience  in  electronics.  Program 
arrangements  are  available  depending 
upon  whether  you  have  extensive  or 
minimum  experience  in  electronics. 


Send  for  this  FREE  Book 
describing  your  opportunities 
and  CREI  college-level 
programs  in  electronics 


Mail  card  or  write  describing  qualifications  to 
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Fig.  2.  The 
Acoustic  Research 
Digital  Time 
Delay  System , 
showing  six  of 
the  sixteen 
speaker  channels 
and  a  side  view 
of  electronics. 


of  sorts  in  each  new  generation  of  equip¬ 
ment.  But  we  rarely,  if  ever,  cross  the 
threshold  into  a  shift  of  perceived  reality. 
The  trick  just  doesn’t  get  turned. 

Heroic  Measures.  The  shortcomings 
of  these  techniques  have  been  acknowl¬ 
edged  reluctantly  {if  at  all)  by  the  audio 
industry.  But  behind  the  scenes  re¬ 
searchers  have  been  occupied  with 
them  all  the  same.  The  main  approach, 
if  I  may  crudely  generalize,  has  been  a 
complicated  and  taxing  game  of  “find 
the  flaw” — explain  why  a  system  that 
seemingly  should  work  doesn’t. 

It’s  good  to  see  the  opposite  tack  be¬ 
ing  taken  at  last;  that  is,  the  tack  of 
creating  something  that  does  work,  no 
matter  what,  and  finding  out  why,  rather 
than  starting  with  something  that  doesn’t 
work  (too  well,  anyway)  and  attempting 
to  discover  why  not.  Two  papers  pre¬ 
sented  at  the  convention  appear  to 
adopt  this  pragmatic  approach,  taking 
as  their  starting  points  techniques  of 
simulation — that  is,  their  only  intent  is  to 
deceive  the  listener  with  a  seem/ng/y  re¬ 
alistic  experience;  for  the  present  they 
are  largely  content  to  forget  about  abso¬ 
lute  realism  and  its  pursuit. 

Audio/Pulse  manufactures  a  digital 
reverberation  “simulator”  that  is  intend¬ 
ed  merely  to  process  ordinary  stereo 
programs,  with  its  output  ideally  appear¬ 
ing  at  one  or  more  pairs  of  “rear”  speak¬ 
ers,  the  key  pair  of  which  is  located  to 
either  side  and  perhaps  above  and  just 
behind  the  listener.  In  a  paper  prepared 
by  Audio/Pulse’s  Peter  Mitchell  and 
Richard  DeFreitas,  five  “essential  char¬ 
acteristics”  of  concert-hall  ambience  are 
laid  down,  which  become  five  conditions 
to  be  met  by  a  successful  reverb  simula¬ 
tor.  In  condensed  form: 

(1)  A  satisfactory  simulator  probably 
doesn’t  have  to  provide  a  duration  of 
reverberation  (reverberation  time) 
equivalent  to  that  of  a  typical  concert 
hall.  Instead,  it  should  be  able  to  feed  off 
whatever  reverberation  has  been  cap¬ 
tured  in  the  recording  to  prolong  the  re¬ 
verberation  time. 

(2)  The  spectral  shape  of  the  rever¬ 
berant  energy  will  inevitably  be  altered 
by  the  hall  in  which  the  music  is  played. 
The  playback  system  should  copy  this 
spectral  change,  but  it  is  not  the  function 
of  the  reverberation  simulator  itself  to 
supply  this  equalization;  nor  should  it. 

(3)  The  simulator  should  be  capable 
of  closely  approximating  the  arrival-time 
density  of  concert-hall  reverberation. 
This  density  tends  to  be  high. 

(4)  So  far  as  is  possible,  the  simulator 
should  provide  arrival  times  that  are  ran¬ 


domly  spaced.  Regularly  spaced  arriv¬ 
als  cause  effects  such  as  “flutter  echo.” 

(5)  In  a  concert  hall,  the  reverberant 
field  can’t  be  localized  and  is  diffuse. 
The  simulator’s  artificial  field  should 
have  the  same  characteristics. 

As  a  recipe  for  a  successful  reverb 
simulator  (and  the  Audio/Pulse  device 
has  been  shown  to  be  capable  of  suc¬ 
cessful  spatial  illusions  in  several  dem¬ 
onstrations),  the  above  five  points  are 
gratifyingly  straightforward.  If  we  exam¬ 
ine  current  four-channel  systems  in  their 
light,  several  points  stand  out  right 
away.  For  one  thing,  the  usual  rear- 
channel  content  of  an  ambient  four- 
channel  recording  is  merely  a  more  dis¬ 
tant  miking  of  what  the  front  channels  re¬ 
produce.  It  is  localizable  in  most  cases, 
although  localization  is  diminished 
somewhat  by  distance,  and  fixed  micro¬ 
phone  spacing  and  the  nature  of  certain 
microphone  arrays  may  prevent  it  from 
being  sufficiently  random  in  arrival 
times.  Does  this  point  the  way  to  any 
new  procedures  for  quadraphonic  re¬ 
cording?  Your  guess  is  as  good  as  mine. 

AR’s  Acoustic  Arena.  Recent  work 
at  Acoustic  Research  has  led  to  an 
especially  interesting  research  tool  for 
ambience  experiments:  a  sixteen-chan¬ 
nel  concert-hall  simulator  (Fig.  2).  This 
may  recall  Bolt  Beranek  &  Newman’s 
concert-hall  simulator,  which  I  described 
in  this  column  almost  two  years  ago. 
However,  while  BB&N’s  system  derives 
signals  from  tape  delays  and  reverb 
chambers,  the  AR  configuration  em¬ 
ploys  simple  digital  delays  determined 
by  a  study  of  computerized  models  of 
real  acoustical  spaces. 

To  judge  from  a  paper  (by  Paul  Mil¬ 
ner)  distributed  by  AR  at  the  AES  con¬ 
vention,  the  AR  experiments  are  begin¬ 
ning  to  bear  fruit  in  determining  the  mini¬ 
mum  and  perhaps  even  optimum  re¬ 


quirements  for  creating  a  spatial  illusion. 
Milner  used  a  six-channel  system  for  his 
listening  tests,  with  various  combina¬ 
tions  of  simple  fixed  delays  being  fed  to 
the  four  “rear”  loudspeakers.  By  infer¬ 
ence,  the  result  was  a  satisfactory  spa¬ 
tial  effect.  Then  Milner  progressively 
narrowed  the  frequency  band  over 
which  the  delays  occurred,  to  learn  at 
what  point  the  spatial  illusion  would  start 
to  deteriorate.  In  other  words,  all  four 
“ambience”  speakers  always  repro¬ 
duced  a  full-range  signal,  but  the  fre¬ 
quency  band  over  which  these  signals 
underwent  delays  was  increasingly  nar¬ 
rowed.  Outside  of  the  delay  band,  the 
signal  was  not  delayed. 

Without  going  further  into  Milner’s 
procedures,  we  can  tackle  the  results 
(gleaned  from  the  statistically  analyzed 
impressions  of  a  small  listening  panel) 
right  away.  They  were  that,  below  about 
200  Hz,  delaying  the  signal  did  little  or 
nothing  to  enhance  the  spatial  illusion. 
Likewise,  eliminating  delays  above  6 
kHz  harmed  nothing  and  in  some  cases 
improved  conditions  for  certain  listening 
positions  in  the  room  where  long- 
delayed  sharp  transients  would  other¬ 
wise  confuse  localization. 

For  a  digital  delay  system,  such  limit¬ 
ing  of  the  delay  bandwidth  would  bring 
very  attractive  reductions  in  the  cost  of 
each  channel.  And  the  apparent  unim¬ 
portance  of  processing  frequencies  be¬ 
low  200  Hz  opens  the  door  to  a  common 
bass  system  instead  of  full-range  speak¬ 
ers  for  each  channel. 

These  findings  have  been  anticipated 
by  others  in  the  past,  but  never  so  well 
documented  under  real  music-listening 
conditions.  Put  the  AR  results  together 
with  those  of  Audio/Pulse  and  you  may 
see  the  emergent  beginnings  of  a  truly 
effective  spatial-illusion  system — per¬ 
haps  even  a  genuine  four-channel  sys¬ 
tem — somewhere  around  the  corner.  O 
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TAPE  RECORDER  HEADROOM  EXPLAINED 


ALTHOUGH  the  term  ‘’headroom”  is  frequently 
used  in  connection  with  tape  recorders,  it  is  not 
specifically  defined  by  any  single  measurement 
standard.  Nevertheless,  it  is  one  of  the  most  impor¬ 
tant  characteristics  of  a  tape  deck  (actually  more  im¬ 
portant  in  most  cases  than  frequency  response)  and 
its  significance  must  be  appreciated  if  one  is  to  real¬ 
ize  the  machine’s  potential. 

Every  tape  recorder  has  some  form  of  recording 
level  indicator,  usually  a  pair  of  meters  that  show  the 
level  in  each  channel  and  occasionally  these  are  sup¬ 
plemented  by  a  single  fast-responding  LED  indicator 
that  flashes  on  high-level  peaks  that  are  too  brief  in 
duration  to  register  on  the  meters.  The  relationship 
between  these  two  levels — the  meter  reading  and  the 
instantaneous  peak — is  closely  connected  with  the 
concept  of  headroom  and  is  the  reason  for  its  impor¬ 
tance. 

The  level  meter  usually  indicates  the  signal  voltage 
present  at  some  part  of  the  recording  amplifier.  De¬ 
pending  on  the  characteristics  of  the  recording  head 
and  the  tape  for  which  the  machine  is  adjusted,  the 
calibrated  O-dB  meter  level  corresponds  to  some 
specific  flux  density  recorded  on  the  tape.  Each  man¬ 
ufacturer  is  free  to  choose  his  own  “zero  level,”  al¬ 
though  there  are  several  standard  levels  used  in  pro¬ 
fessional  machines  and  some  home  recorders. 

Flux  levels  are  expressed  in  nanowebers  per  meter 
(nW/m)  of  tape  width.  The  actual  number  of  flux 
lines  is  of  little  importance  to  the  user.  Doubling  the 
width  of  the  recorded  track  on  the  tape  doubles  the 
number  of  flux  lines  passing  the  playback  head  gap 
during  a  given  linear  tape  movement,  which  in  turn 
doubles  the  output  voltage  from  the  head.  This  is  the 
reason  for  the  superior  signal-to-noise  (S/N)  ratio  of 
wider  tape  formats  (e.g.,  half-track  versus  quarter- 
track,  or  any  of  the  14"  tape  formats  versus  cassette 
tape). 

A  given  tape  formulation  can  be  magnetized  only 
up  to  a  certain  point  before  its  magnetic  coating  be¬ 
gins  to  saturate.  Beyond  this  point,  a  further  increase 
in  recording  level  does  not  produce  a  proportional 
increase  in  tape  magnetization  (and,  corresponding¬ 
ly,  in  playback  output).  This  affects  the  playback  sig¬ 
nal  in  two  ways.  First,  the  dynamics  of  the  program 
are  compressed,  since  a  program  peak  that  drives  the 
tape  into  saturation  does  not  produce  more  output 
during  playback  than  a  lower  level  portion  of  the  pro¬ 


gram.  Secondly,  the  distortion  of  the  playback  signal 
increases. 

Although  the  magnetic  storage  ability  of  a  tape  is  a 
function  of  frequency,  we  can  simplify  this  discus¬ 
sion  by  assuming  that  the  tape  response  is  uniform 
across  the  audio  band.  Because  of  the  recording  head 
characteristics,  however,  it  is  usually  necessary  to 
preemphasize  or  boost  the  higher  frequencies  during 
recording  to  obtain  a  flat  playback  frequency  re¬ 
sponse.  Thus,  the  maximum  tolerable  level  before 
which  saturation  occurs  will  decrease  as  the  frequen¬ 
cy  increases.  Since  this  effect  becomes  more  severe  at 
lower  tape  speeds,  a  cassette  recorder  is  inherently 
inferior  to  an  open-reel  recorder  in  its  ability  to  re¬ 
cord  high  levels  without  saturation,  especially  at 
high  frequencies. 

Now  let  us  return  to  that  recording  level  meter, 
whose  O-dB  mark  supposedly  indicates  the  max¬ 
imum  permissible  recording  level.  It  does,  but  that 
level  is  not  the  same  for  all  machines.  Ordinary  me¬ 
ters  respond  relatively  slowly  to  brief  transients  and 
may  not  give  any  indication  on  a  peak  that  far  ex¬ 
ceeds  the  tape  saturation  level.  Music  and  voice  pro¬ 
gram  material  may  have  instantaneous  peaks  from  10 
to  20  dB  greater  than  their  average  levels  as  indicated 
by  a  typical  level  meter.  For  most  amateur  recording 
purposes,  the  lower  figure  is  probably  more  realistic, 
especially  if  the  program  has  already  been  recorded 
or  broadcast,  in  which  case  its  peaks  have  already 
been  limited. 

Suppose  that  a  recorder’s  meters  have  been  cali¬ 
brated  to  indicate  0  dB  when  the  signal  is  5  dB  lower 
than  the  low-frequency  saturation  level,  which  is 
usually  considered  to  be  the  level  that  produces  3% 
distortion  in  the  playback  output.  If  the  average  level 
indicated  by  the  meter  is  about  -5  dB,  one  can  rea¬ 
sonably  expect  to  make  a  recording  without  serious 
peak  compression,  assuming  a  10-dB  peak/average 
ratio.  In  fact,  one  can  often  operate  even  closer  to  the 
O-dB  mark  on  such  a  machine  (which  is  typical  of 
many  cassette  recorders)  without  serious  loss  of  qual¬ 
ity.  The  headroom  of  this  hypothetical  recorder,  at 
low  and  middle  frequencies,  is  5  dB.  It  is  the  differ¬ 
ence  between  the  indicated  maximum  recording  lev¬ 
el  and  the  point  where  tape  saturation  occurs. 

But  what  about  the  high  frequencies,  which  are 
boosted  during  recording?  Obviously,  they  will  satu¬ 
rate  with  a  lower  input  level  than  the  low  and  middle 
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frequencies.  Because  of  this,  taRe  recorder  frequency 
response  is  measured  at  a  reduced  input  level,  usual¬ 
ly  -10  to  -15  dB  for  open-reel  machines  and  -20  dB 
for  cassette  recorders.  A  cassette  recorder  that  gives  a 
flat  record/playback  frequency  response  at  -20  dB 
will  have  a  marked  loss  of  high  frequencies  in  play¬ 
back  if  the  recording  is  made  at  0  dB.  Our  test  reports 
show  both  curves,  giving  some  idea  of  the  loss  of 
high-frequency  headroom,  which  is  largely  a  func¬ 
tion  of  the  design  of  the  recording  head  as  well  as  of 
the  tape  characteristics. 

Although  each  recorder  manufacturer  selects  his 
own  0-dB  level,  many  use  the  so-called  “Dolby  level” 
of  200  nW/m  for  cassette  recorders.  If  all  recorders 
used  this  level  as  a  0-dB  reference,  it  would  be  easy  to 
compare  their  midrange  headroom.  However,  in  the 
design  of  a  recorder,  there  are  trade-offs  between  fre¬ 
quency  response,  distortion,  and  S/N  ratio,  with  each 
manufacturer  selecting  his  own  criteria.  If  the  0-dB 
level  is  set  higher  than  200  nW/m,  the  apparent  S/N 
compared  to  a  0-dB  level  is  increased.  This  is  only 
“apparent”  because  the  true  S/N  rating  should  be  re¬ 
ferred  to  the  level  giving  3%  playback  distortion  in¬ 
stead  of  to  the  recorder’s  0-dB  reference.  Since  such  a 
recorder  will  distort  with  only  a  slight  overload,  the 
user  will  speedily  learn  to  keep  his  average  recording 
level  around  -10  dB,  which  points  up  the  fallacy  of 
trying  to  “extend”  dynamic  range  in  this  way. 

The  opposite  effect  occurs  when  the  0-dB  point  is 
set  at  a  lower  flux  level,  as  in  the  Pioneer  Model  CT- 
F8282  reviewed  this  month.  Pioneer  has  made  0  dB 
correspond  to  160  nW/M,  which  is  about  3  dB  below 
the  Dolby  level.  In  effect,  this  gives  an  extra  3  dB  of 


apparent  headroom  over  the  recorder’s  zero  level  be¬ 
fore  the  reference  distortion  level  is  reached.  When 
the  total  frequency-response  characteristics  of  the 
machine  are  studied,  it  can  be  seen  that  Pioneer  has 
not  attempted  to  extend  the  high-frequency  response 
beyond  the  13,000-to-15,000-Hz  range.  Instead,  the 
recording  equalization  and  bias  have  been  matched 
to  the  head  characteristics  to  give  a  rather  good 
high-frequency  headroom  characteristic  so  that  a 
strong  response  is  maintained  to  10,000  Hz  or 
beyond,  even  at  0  dB.  This  makes  the  published  spe¬ 
cifications  less  impressive  than  they  might  have 
been,  but  it  results  in  cleaner,  less  compressed  re¬ 
cordings.  There  is  little  or  no  audible  loss  from  the  at¬ 
tenuation  of  frequencies  beyond  13,000  Hz  or  so,  and 
the  quality  improvement  from  the  headroom  increase 
is  much  more  likely  to  be  heard  and  appreciated  by 
the  user. 

To  interpret  our  test  data  on  cassette  recorders  (the 
same  thing  applies,  to  a  much  smaller  degree,  to 
open-reel  machines),  look  at  the  S/N  ratio  referred  to 
the  3%  distortion  level  and  the  meter  reading  corre¬ 
sponding  to  that  level.  This  will  reveal,  in  a  rough 
way,  how  high  the  average  recording  levels  can  be  set 
to  realize  the  full  dynamic  range  of  the  machine. 
Then,  look  at  the  0-dB  and  — 20-dB  frequency- 
response  curves  to  see  how  much  distance  there  is 
between  them,  and  if  and  where’  they  intersect.  Most 
machines  have  an  intersection  of  these  curves  be¬ 
tween  12,000  and  18,000  Hz  but  some  have  curves 
that  never  intersect.  The  greater  the  gap  between  the 
two  curves,  and  the  higher  their  intersection  frequen¬ 
cy,  the  better  the  headroom. 


PIONEER  MODEL  CT-F8282  CASSETTE  DECK 

Front-load  deck  features  operating  simplicity  and  solenoid  controls. 


Pioneer’s  Model 
CT-F8282  front¬ 
loading  cassette 
deck  has  a  two- 
motor,  solenoid- 
operated  tape  transport,  with  a  servo- 
controlled  dc-motor  capstan  drive.  A 
separate  high-torque  dc  motor  operates 
the  tape  hubs  in  fast-forward  and  re¬ 
wind.  The  transport  controls  are  short 
levers  that  extend  horizontally  from  the 
front  panel  below  the  cassette  well. 


They  operate  with  a  very  light  touch, 
since  they  merely  energize  the  sole¬ 
noids  that  perform  the  actual  mechani¬ 
cal  and  electrical  switching  operations. 
The  levers  can  be  operated  in  any  se¬ 
quence,  without  going  through  stop,  ob¬ 
viating  the  risk  of  damaging  the  tape.  A 
separate  pause  switch  is  located  to  the 
right  of  the  control  levers.  The  deck  can 
be  set  up  in  advance  for  unattended  re¬ 
cording  or  playback,  and  will  go  into  op¬ 
eration  when  power  is  applied  by  an  ex¬ 


ternal  timer  switch.  It  shuts  down  me¬ 
chanically  and  disengages  the  heads 
when  the  tape  ends. 

The  styling  of  the  cassette  deck 
matches  other  Pioneer  components. 
The  control  panel  and  controls  are  satin- 
finished  aluminum,  and  the  wooden 
case  is  finished  in  walnut-grain  vinyl. 
The  deck  measures  1734"W  x  13Vi"D  x 
75/8"H  (45  x  34.3  x  19.4  cm)  and 
weighs  27  lb  (1 2.3  kg).  $400. 

General  Description.  The  cassette 
is  installed  vertically  through  a  large 
opening  in  the  front  panel  and  can  be 
covered  by  a  swing-down  clear-plastic 
window.  Unlike  other  cassette  decks, 
this  one  does  not  have  an  eject  lever. 
Instead,  with  the  tape  stopped  (even  in 
the  pause  mode)  the  cassette  is  simply 
pulled  off  the  drive  hubs  and  removed  by 
hand.  This  is  just  about  the  simplest  and 
easiest  withdrawal  system  we  have 
seen.  It  leaves  the  cassette  completely 
visible  while  it  is  in  the  machine.  The  re- 
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Response  with  TDK  KR  tape  using  CrC>2  bias  and  equalization . 


cord/playback  and  erase  heads  feature 
ferrite  construction. 

To  the  right  of  the  cassette  well,  the 
upper  portion  of  the  control  panel  con¬ 
tains  two  large  illuminated  level  meters 
that  are  calibrated  from  -20  to  +3  dB, 
the  latter  indicated  as  the  Dolby  level  for 
calibration  purposes.  During  playback, 
the  meters  show  the  level  actually  pres¬ 
ent  at  the  line  outputs  and  are  con¬ 
trolled  by  the  output  level  controls.  Be¬ 
tween  the  meters,  a  red  LED  indicator 
comes  on  when  the  deck  is  in  the  re¬ 
cord  mode  and  another  flashes  when 
program  peaks  reach  +5  dB  to  warn  of 
potential  distortion  from  over-recording. 

Below  the  meters  are  a  three-digit  in¬ 
dex  counter  and  four  pushbutton 
switches.  One  switch  activates  the  mem¬ 
ory  rewind  feature,  stopping  the  tape 
in  rewind  when  the  index  counter  re¬ 
turns  to  a  previously  set  000  reading. 
Another  turns  on  and  off  the  dolby  sys¬ 
tem,  and  an  indicator  light  above  the 
button.  The  remaining  switches  are  la¬ 
belled  bias  and  eq,  with  std  settings  for 
high-performance  ferric-oxide  tapes  and 
cro2  settings  for  chromium-dioxide 
tapes  or  the  cobalt-treated  equivalent 
tapes,  such  as  TDK  SA  and  MAXELL 
UD-XL  II.  When  both  buttons  are  de¬ 
pressed,  a  cro2  indicator  above  them 
lights.  For  recording  on  ferrichrome 
tapes,  the  std  bias  and  cro2  eq  settings 
are  used;  cro2  eq  should  be  used  for 
their  playback.  A  chart  in  the  instruction 
manual  suggests  switch  settings  for 
most  popular  tapes. 

Below  the  pushbutton  switches  are 
concentric  input  level  controls  for  the 
two  channels  and  another  concentric 
pair  of  output  playback  level  controls. 
At  the  right  side  of  the  panel  are  two  W 
(6.35-mm)  Mic  and  phones  jacks.  At  the 
lower  left  of  the  panel  is  the  pushbutton 
power  switch. 

On  the  rear  panel  of  the  deck  are  the 
input  and  output  phono  jacks,  a  DIN 
socket,  and  a  switch  that  connects  the 
recording  inputs  to  either  the  phono 
jacks  or  the  DIN  socket.  The  DIN  switch 
also  inserts  a  1 0-dB  attenuator  in  the  re¬ 
cording  inputs  and  can  be  used  when 
high-level  output  microphones  are 
plugged  into  the  front  panel  jacks  (re¬ 
placing  the  line  inputs  with  the  mic  sig¬ 
nals)  to  prevent  overloading  the  input 
stages.  There  is  also  a  single  un- 
switched  ac  outlet  on  the  rear  panel. 

Laboratory  Measurements.  Al¬ 
though  the  instruction  manual  suggests 
control  settings  for  many  tape  types, 
there  was  no  indication  of  which  specific 
tapes  had  been  used  at  the  factory  for 
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bias  adjustments.  Therefore,  we  mea¬ 
sured  the  record/playback  frequency  re¬ 
sponse  with  a  number  of  high  quality 
tapes,  including  TDK  Audua,  SA,  and 
KR  (Cr02),  Maxell  UD-XL  I  and  UD-XL 
II,  Scotch  Master,  and  two  ferrichrome 
tapes,  Scotch  Classic  and  Sony  FeCr. 

The  response  varied  little  among  the 
several  ferric-oxide  tapes,  but  TDK  Au¬ 
dua  seemed  to  yield  a  bit  better  high-fre¬ 
quency  response  and  was  chosen  for 
further  tests  with  the  std  bias  and  eq 
settings. 

The  TDK  SA  and  Maxell  UD-XL  II 
tapes  gave  identical  responses,  but  TDK 
KR  gave  the  flattest  overall  response 
and  was  used  with  the  Cr02  bias  and 
Eq.  The  Sony  FeCr  gave  good  results 
with  the  recommended  FeCr  settings, 
but  Scotch  Classic  exhibited  the  loss  of 
high  frequencies,  which  we  have  ob¬ 
served  in  machines  that  have  been 
biased  for  the  Sony  tape.  Playback  fre¬ 
quency  response  was  measured  using 
the  new  TDK  AC-331  test  tape  for  std 
(120  [is)  equalization,  and  with  a  Teac 
tape  for  cro2  (70pis)  equalization. 

The  playback  equalization  was  accu¬ 
rate  with  both  switch  settings,  varying 
less  than  ±1  dB  over  the  63- 


to-10,000-Hz  range  of  the  TDK  tape  and 
between  +1.5  and  -3  dB  over  the  40- 
to-10,000-Hz  range  of  the  Teac  tape. 
Most  of  the  variation  in  both  cases  took 
place  below  100  Hz.  The  record/ 
playback  response  with  TDK  “Audua” 
tape  was  flat  within  0.5-dB  overall  from 
60  to  8000  Hz,  dropping  off  to  -3  dB  at 
35  and  12,000  Hz.  Overall,  the  variation 
was  ±3  dB  from  20  to  13,500  Hz.  TDK 
KR  tape  gave  an  almost  ruler-flat  re¬ 
sponse  of  ±1  dB  from  37  to  13,500  Hz 
and  ±3  dB  from  20  to  15,000  Hz.  The 
other  tapes  were  generally  similar  to  the 
TDK  Audua  in  their  response,  with  the 
output  sloping  off  gently  above  10,000 
Hz  and  more  rapidly  above  13,000  Hz. 

For  a  recording  level  of  0  dB,  an  input 
of  57  mV  was  required  at  the  line  inputs 
and  0.14  mV  at  the  mic  inputs.  The  mic 
circuit  overloaded  at  a  fairly  safe  105 
mV,  which  could  have  been  increased  to 
more  than  300  mV  with  the  DIN  switch. 
The  maximum  output  level  from  a  0-dB 
recording  was  between  0.6  and  0.75 
volt,  depending  on  the  tape  used.  With 
the  output  control  set  for  a  0-dB  meter 
deflection,  the  output  was  0.5  volt.  The 
peak  indicator  flashed  at  exactly  +5  dB, 
with  an  abrupt  switching  characteristic 


Playback  response  with  two  tapes  at  different  equalization  settings. 
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that  eliminated  the  ambiguity  sometimes 
associated  with  LED-type  peak  indica¬ 
tors.  The  meter  ballistics  were  slightly 
underdamped,  giving  a  2-dB  overshoot 
with  0.3-second  tone  bursts.  The  cross¬ 
talk  from  track  2  to  track  1  at  1000  Hz, 
measured  with  a  TDK  AC-352  test  tape, 
was  -40  dB. 

At  a  0-dB  recording  level  (3  dB  below 
the  Dolby  standard  level  of  200  nW/m), 
the  harmonic  distortion  on  playback  was 
a  very  low  0.5%  with  TDK  KR,  about 
0.9%  with  TDK  Audua,  and  1%  with  TDK 
SA  tapes.  The  distortion  increased  grad¬ 
ually  up  to  +5  dB,  where  it  was  respec¬ 
tively  0.9%,  2%,  and  0.9%.  To  achieve  a 
3%  playback  distortion  level,  we  had  to 
record  at  +7  dB  with  Audua,  +8  dB  with 
KR,  and  -1-8.5  dB  with  SA  tapes.  These 
levels  are  far  off  scale  on  the  meters  giv¬ 
ing  the  assurance  that,  so  long  as  the 
peak  indicator  does  not  flash  more  than 
occasionally,  the  distortion  should  be 
negligible. 

The  S/N  ratio  was  checked  with  the 
three  tapes  with  and  without  Dolby  and 
unweighted  and  with  IEC  “A”  and  CCIR 
weighting.  The  unweighted  S/N,  re¬ 
ferred  to  the  3%  distortion  level,  was  48 
dB  with  Audua  and  54  to  55  dB  with  the 
KR  and  SA  tapes.  Using  “A”  weighting 
and  the  Dolby  system,  the  S/N  was  61 .5 
dB  with  Audua  and  63  to  64  dB  with  the 
other  tapes.  Using  Dolby’s  preferred 
CCIR  weighting,  these  figures  were  im¬ 
proved  by  0.5  to  1 .5  dB.  Through  the  mic 
inputs,  at  maximum  gain,  the  A-weight- 
ed  noise  level  increased  by  10  dB,  but  at 
normal  settings  of  the  gain  control  the  in¬ 
crease  was  much  less.  On  our  test  unit, 
the  Dolby  circuit  “tracking”  error  at  a 


-20-dB  level  caused  a  dip  of  about  5  dB 
in  the  response  in  the  3000-to-6000-Hz 
range.  At  other  recording  levels,  this  ef¬ 
fect  was  much  less. 

The  wow  was  0.02%,  which  is  approx¬ 
imately  the  residual  of  the  test  tape  and 
flutter  (unweighted  rms)  was  0.1%.  In  a 
combined  record/playback  measure¬ 
ment,  the  results  were  identical. 

In  the  fast-forward  and  rewind  modes, 
a  C-60  cassette  was  moved  from  end  to 
end  in  59  seconds. 

User  Comment.  The  “human  engi¬ 
neering”  that  went  into  the  design  of  the 
deck  makes  it  very  easy  to  use,  espe¬ 
cially  since  there  is  almost  literally  noth¬ 
ing  one  can  do  to  operate  it  improperly, 
other  than  selecting  the  incorrect  bias  or 
equalization.  Tape  loading  and  removal 
procedures  are  ideal  for  eye-level  oper¬ 
ation  and  nearly  as  good  at  waist  level. 
We  appreciated  not  having  the  cassette 
pop  out  noisily  as  it  does  on  some  tape 
decks,  and  its  insertion  and  removal  are 
as  simple  as'  reaching  into  the  roomy 
compartment  and  grasping  the  sides  of 
the  cassette.  In  addition,  the  transparent 
cover  allows  the  exact  playing  status  of 
the  cassette  to  be  seen  at  a  glance,  in¬ 
cluding  how  much  tape  remains  to  be 
played. 

Even  though  most  solenoid-operated 
tape  transports  use  pushbuttons  of  one 
type  or  another  to  energize  the  sole¬ 
noids,  the  lever  system  on  this  deck  is 
equally  convenient  to  use,  with  the 
advantage  that  the  levers  remain  me¬ 
chanically  depressed  after  they  are 
pushed.  Hence,  the  operating  status  of 
the  machine  can  be  seen  without  re- 
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course  to  signal  indicators.  The  very 
light  finger  pressure  required  to  operate 
the  levers  is  an  immediate  “giveaway” 
to  their  electromechanical  operation. 
Another  nicety,  which  we  have  not  seen 
on  many  recorders,  is  the  access  hole  in 
the  cassette  head  cover  for  azimuth 
alignment. 

Although,  technically  speaking,  the 
published  record/playback  frequency 
response  ratings  of  the  deck  were  met  in 
our  tests,  it  is  clear  that  the  response 
beyond  13,000  Hz  has  been  slightly  sac¬ 
rificed  in  favor  of  low  distortion  and  im¬ 
proved  high-frequency  “headroom.” 
From  the  user’s  point  of  view,  this  is  the 
proper  compromise  to  make  (and  some 
compromise  is  always  necessary  in  de¬ 
signing  a  cassette  recorder)  since  fre¬ 
quencies  beyond  13,000  Hz  are  rarely 
present  in  the  program  material.  Their 
absence  will  rarely  be  noticed,  whereas 
distortion,  noise,  and  high-frequency 
tape  saturation  will.  This  deck  has 
above-average  performance  in  each  of 
these  respects. 

The  meters  read  line  output  levels  in 
playback,  rather  than  showing  the  play¬ 
back  level  ahead  of  the  output  control 
as  in  most  recorders.  Also,  the  usual 
Dolby  level  of  200  nW/m  as  a  0-dB  ref¬ 
erence  is  not  employed.  Pioneer  uses 
-3  dB,  or  160  nW/m.  These  criticisms, 
to  be  sure,  are  minor  and  do  not  in  any 
way  detract  from  the  fact  that  the  Pio¬ 
neer  CT-F8282  is  a  fine-sounding,  easy- 
to-use,  and  handsomely  styled  tape 
deck.  In  the  popular-price  range  (for  top- 
quality  two-head  machines),  the  deck 
compares  favorably  with  any  competi¬ 
tive  decks  in  sound  and  performance. 


ACOUSTIC  RESEARCH  MODEL  AR-1 6  SPEAKER  SYSTEM 

Small,  2-way  system  delivers  true  bass,  smooth  middles  and  highs . 


The  Acoustic  Re¬ 
search  people  re¬ 
cently  have  de¬ 
signed  some  new 
speaker  systems 
that  supplement,  but  do  not  at  present 
supersede  the  older,  well-known  AR 
systems.  The  smallest  and  least  expen¬ 
sive  of  the  new  generation  of  AR  speak¬ 
er  systems  is  the  Model  AR-1 6.  This  true 
bookshelf-size  two-way  system  has  an 
8"  (20.3-cm)  acoustic-suspension  woof¬ 
er  that  crosses  over  at  1300  Hz  to  a  1" 
(2.54-cm)  dome  tweeter.  A  three-posi¬ 
tion  toggle  switch  on  the  rear  of  the  en¬ 
closure  provides  a  modest  increase  or 
decrease  in  high-frequency  output,  rela¬ 
tive  to  the  normal  or  “flat”  condition. 


The  compact  speaker  system  meas¬ 
ures  1 97/s"  x  97/a"  x  8V£"  D  (50.5  x  25  x 
21 .6  cm)  and  weighs  21  lb  (9.5  kg).  Val¬ 
ue  is  $115  with  walnut-grain  veneer, 
$99.95  with  walnut-grain  vinyl. 

General  Description.  The  AR-1 6  s 
nominal  system  impedance  is  8  ohms, 
and  efficiency  is  similar  to  that  of  many 
small  acoustic  suspension  systems.  AR 
rates  the  speaker  system  to  deliver  an 
85-dB  sound  pressure  level  (SPL)  at  a 
distance  of  1  meter  with  1  watt  of  drive 
power.  Although  it  can  be  used  satisfac¬ 
torily  with  a  25-watt/channel  amplifier, 
the  speaker  system  is  designed  to  with¬ 
stand  the  output  of  a  100-watt/channel 
amplifier,  driven  to  clipping  10%  of  the 
time  with  ordinary  music  program  mate¬ 
rial.  According  to  AR,  the  free-air  reso¬ 
nance  of  the  woofer  is  25  Hz,  and  sys¬ 
tem  resonance  is  at  55  Hz. 
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servicing  is  PROFITABLE 

with  the 

B&K-PRECISION 
40-channel  CB 
Test  Bench 


~  O 


i 

MODEL  1040  * 

$250 

The  B&K-PRECISION  CB  service- 
master  is  designed  for  rapid  pro¬ 
grammed  testing  and  trouble 
shooting  of  any  CB  transceiver — 
even  40-channel  models! 

When  used  with  a  scope 
and  signal  generator, 
you  can: 

•  Measure  signal-to-noise  ratio 
of  CB  receiver 

•  Measure  audio  output  power 

•  Measure  audio  distortion 
percentage 

•  Measure  receiver  sensitivity 

•  Check  AGC 

•  Measure  effectiveness  of  CB 
noise  limiter  or  blanker  (when 
used  with  an  impulse  noise 
generator) 

•  Measure  squelch  threshold 

•  Measure  adjacent  channel 
rejection  on  any  channel 

•  Measure  transmitter  AM  power 
output — even  mobile! 

•  Measure  SSB  power  output  with 
TRUE  peak-reading  RF  Wattmeter 

•  Check  AM  modulation 

•  Check  SSB  modulation  with  a  two- 
tone  test — the  only  accurate  way! 

•  Measure  antenna  SWR — even 
mobile! 

•  Check  the  transceiver  in  the 
car  to  determine  if  the  problem 
is  in  the  antenna  system  or 
the  transceiver 

You  can  save  $500 — $1,500  in 
equipment  costs  because  the 
CB  Servicemaster  eliminates 
many  of  the  test  instruments 
you  would  otherwise  need  for 
CB  servicing.  These  instru¬ 
ments,  or  their  functions,  are 
built  into  the  unit: 

•  Audio  wattmeter  •  Audio  gen¬ 
erator  •  Distortion  meter  •  RF 
wattmeter/dummy  load  •  DB 
meter  •  SWR  bridge 
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These  instruments — which  you  should  have,  if  you  don't  own  them  already, 
are  all  you  need  to  get  the  maximum  use  from  your  CB  Servicemaster.  And  the 
B&K-PRECISION  CB  Servicemaster  is  compatible  with  most  oscilloscopes,  fre¬ 
quency  counters,  signal  generators  and  power  supplies  on  the  market  today. 


MODEL  1403A — 3",  5  MHz 
Recurrent  Sweep  Oscilloscope 

Checks  CB  modulation  and 
provides  viewing  of  27MHz  CB 
envelope  when  used  with  the 
Model  1040.  Small,  compact  and 
inexpensive,  it  frees  other  scopes 
for  more  effective  use.  $209 


MODEL  1640 — Regulated  Power  Supply 

Designed  especially  for  CB  and  other  mobile 
equipment,  the  1640  eliminates  changes  in  supply 
voltage  due  to  load  variations.  A  stable  power 
supply  is  essential  to  precise  testing  of  the 
transceivers.  Less  than  0.8%  variation  from  zero 
to  full  load,  3  amps  continuous,  5  amps  surge. 
Adjustable  to  any  output  from  11  to  15  VDC. 
Suppressed  zero  scale  for  greater  accuracy. 
Overload  protected.  $100 


MODEL  1801- 

Digital  Frequency  Counter 

To  quickly  determine  the  exact 
frequency  of  a  CB  channel,  the 
1801  automatically  displays  it  for 
you  in  large,  easy-to-read  digits. 
You  can  tune  oscillators  precisely, 
conduct  audio  frequency  analysis 
tests.  Six  digit  display  is  updated 
five  times  per  second.  Accuracy 
guaranteed  to  40MHz;  60MHz 
typical.  $240 


MODEL  2040 — 40-Channel  CB  Signal  Generator 

Covers  all  40  channels,  AM  and  SSB  with  built-in 
capability.  Ultra-stable  crystal-controlled,  phase- 
locked-loop  frequency  generation.  Has  5  ppm 
accuracy.  Output  attenuator  and  vernier  provide 
calibrated  outputs  from  100,000  mV  to  0.1  mV  for 
receiver  sensitivity  measurements.  Includes  EIA 
standard  noise  test  signal  generator  to  check 
receiver  noise  suppression.  Internal  400,  1000  and 
2500  Hz  modulating  frequencies — can  also  be 
externally  modulated.  Internal  protection  against 
5W  RF  input.  $475 
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DYNASCAN  CORPORATION 
Makers  of  Cobra  CB  Equipment 


6460  W.  Cortland  Avenue,  Chicago,  Illinois  60635  *  312/889-9087 
In  Canada:  Atlas  Electronics,  Ontario 

For  additional  information,  contact  your  B&K-PRECISION  distributor  for  our  com¬ 
prehensive  brochure  describing  the  operation  of  the  Model  1040  CB  Servicemaster 
and  the  CB  Service  Center — or  write  us  for  your  free  copy. 
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FREQUENCY  (Hi) 


Impedance  curve  shows  peak  slightly  below  rated  system  resonance . 


due  to  the  actual  impedance’s  being  6 
ohms  instead  of  8  ohms  at  the  test  fre¬ 
quency. 

Noting  that  there  was  no  sign  of  the 
crossover  frequency  in  the  response 
curve,  we  carefully  examined  the  tone 
burst  response  in  the  crossover  region 
as  well  as  at  lower  and  higher  frequen¬ 
cies.  We  could  find  no  trace  of  the 
anomaly  that  sometimes  occurs  in  the 
tone-burst  response  at  the  crossover 
point.  The  tone  bursts  were  reproduced 
very  well  at  all  frequencies. 


To  minimize  diffraction  effects,  which 
can  occur  when  the  speaker  drivers  are 
recessed  behind  the  mounting  board 
and  which  can  produce  an  irregular  po¬ 
lar  response,  the  drivers  are  mounted 
flush  with  the  front  surface  of  the  speak¬ 
er  board.  The  front  is  finished  to  match 
the  rest  of  the  cabinet,  and  the  drivers 
are  covered  by  a  removable  acoustically 
transparent  foam  plastic  grille. 

Laboratory  Measurements.  The 

frequency  response  of  the  speaker  sys¬ 
tem  was  measured  in  the  reverberant 
field  of  our  test  room  at  a  distance  of  1 2' 
to  15'  (3.7  to  4.8  m)  from  the  speakers 
over  a  frequency  spectrum  ranging  from 
100  Hz  upward.  The  woofer  response, 
up  to  several  hundred  hertz,  was  mea¬ 
sured  with  a  closely  spaced  microphone 
to  simulate  anechoic  conditions  and 
eliminate  the  influence  of  the  room  on 
the  measurement.  Splicing  the  two 
curves,  and  correcting  for  the  known  re¬ 
sponse  of  the  microphone  and  room,  we 
obtained  an  unusually  “flat”  frequency 
response  of  ±1 .5  dB  from  1 00  to  1 5,000 
Hz.  There  was  a  3.5-dB  rise  at  the  bass 
resonance  of  about  60  Hz.  The  overall 
response  variation  was  an  impressive 
±2.5  dB  from  30  to  1 5,000  Hz. 

Our  measurements  were  made  with 
the  tweeter  switch  set  to  normal.  A 
boost  or  cut  of  3  to  5  dB  at  frequencies 
above  1500  Hz  was  measured  with  the 


-m — AAA;1 . 


switch  set  to  its  other  positions.  Driving 
the  speaker  with  the  equivalent  of  1  watt 
into  an  8-ohm  load  (2.8  volts),  the  total 
harmonic  distortion  (THD)  below  100  Hz 
was  less  than  2%  down  to  45  Hz  and  in¬ 
creased  smoothly  to  10%  at  33  Hz  and 
20%  at  26  Hz.  When  we  increased  the 
drive  level  to  10  watts,  the  distortion 
characteristic  had  a  similar  shape,  but 
the  actual  distortion  levels  were  consid¬ 
erably  higher.  The  measured  distortion 
at  10  watts  was  between  3%  and  7% 
from  100  to  45  Hz  and  increased  to  20% 
at  36  Hz. 

The  system  impedance  was  about  6 
ohms  at  its  minimum  points  of  100  and 
1300  Hz,  but  it  was  typically  6  to  8  ohms 
over  much  of  the  audio  range.  It  rose  to 
a  peak  of  20  ohms  at  38  Hz  (well  below 
the  rated  system  resonance  of  55  Hz) 
and  climbed  smoothly  beyond  2000  Hz 
to  20  ohms  at  20,000  Hz.  The  imped¬ 
ance  was  not  significantly  affected  by 
the  setting  of  the  tweeter  level  switch. 

In  our  “efficiency”  measurement  (ac¬ 
tually  a  sensitivity  measurement),  when 
the  speaker  system  was  driven  at  a 
nominal  1-watt  level  by  an  octave  of  ran¬ 
dom  noise  centered  at  1000  Hz,  the  SPL 
was  91  dB  at  a  distance  of  1  meter  from 
the  front  surface.  This  is  slightly  higher 
than  we  have  measured  from  some  oth¬ 
er  larger  acoustic-suspension  systems, 
even  when  allowance  is  made  for  the 
1  25-dB  apparent  increase  in  efficiency 


Tone-burst  responses 
at  100  Hz  (left), 

1300  Hz  (below  left), 
and  10,000  Hz  (below). 


User  Comment.  In  the  simulated  live- 
versus-recorded  listening  test,  the  Mod¬ 
el  AR-16  was  a  very  accurate  reproduc¬ 
er,  though  not  quite  "perfect”  on  any  of 
the  music  selections  we  used  in  this  test. 
The  departures  from  facsimile  reproduc¬ 
tion  of  the  live  sound  were  difficult  to  de¬ 
fine  in  terms  of  frequency  response.  In 
general,  they  took  the  form  of  a  slight 
“coolness”  or  “dryness"  in  the  lower 
midrange.  It  is  in  this  frequency  range 
that  the  speaker  system  was  notably 
free  of  the  artificial  emphasis  that  is  all 
too  common  with  other  systems. 

The  sound  from  the  Model  AR-1 6  be¬ 
lies  its  compact  dimensions.  It  is  not  sur¬ 
prising,  though  nonetheless  gratifying, 
to  find  a  small,  inexpensive  speaker  sys¬ 
tem  that  can  deliver  a  smooth,  well-dis¬ 
persed  middle-  and  high-frequency  re¬ 
sponse,  but  we  have  come  to  expect  a 
certain  thinness  of  low  bass  from  such 
systems.  This  was  not  our  experience 
with  the  Model  AR-16;  it  can  deliver  a 
room-filling,  true  bass  when  required. 

This  is  not  a  speaker  system  that  can 
be  played  loud  enough  to  rattle  the 
walls,  unless  you  are  willing  to  accept 
appreciable  distortion  levels.  The  10- 
watt  distortion  curve  clearly  illustrates 
that,  although  the  woofer  does  not  “fall 
apart”  when  driven  hard,  it  is  not  at  its 
best  under  these  conditions.  AR  sug¬ 
gests  that  a  pair  of  Model  AR-16’s,  driv¬ 
en  with  25  watts/channel  of  amplifier 
power  will  produce  a  103-dB  SPL  in  a 
typical  3000  cu  ft  (85  cu  m)  living  room. 
We  did  not  attempt  to  verify  this  because 
we  were  satisfied  that  the  speaker  sys¬ 
tem  is  more  than  equal  to  the  task  of 
supplying  larger-than-life,  clean  sound 
in  a  typical  home  environment,  with  no 
obvious  coloration. 

The  Model  AR-16,  in  our  opinion,  is  a 
worthy  addition  to  the  AR  product  line. 
Comparing  it  to  its  predecessors  should 
convince  anyone  that  there  has  been 
substantial  progress  in  speaker  system 
performance,  much  of  which  is  embodied 
in  this  diminutive  system. 

CIRCLE  NO.  103  ON  FREE  INFORMATION  CARO 
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Speaker*  are  our  only  business. 

They  have  to  oTDillftrl 

CuPiyrtSd  with  security  and 
m\M.  the  A^S  KRIKET  KAMEL t  KC-3085  hump- 
-inAunf  ^.Kiwn.ii  speaker  rests  sruq/tfon  the  transmis- 
f  ton  hump  while  driving.  CB  dials  are  readily  visible 
Cty^pfcceiver  mounts  on  spaafe-1  ease  forming  single 
#14  No  installation  problems.  For  maximum  security, 
urtrlug  abtenna  and  powe^  leads,  lift  unit  and  place  in 
Ifijaik  No  screws  to  u«5crcW||fehasslo  No  annoying 
prattles  while  driving.  Somi 

WORKING  WALL  enclosure  yT^^tiainJiiflCad 
libertoard  deadens  stain:  and  channet  nonTAUmHn.  m -■ 
voice  distortion 

AFS  makes  han'ifrfl  an  expensive  CB  rig  in  yourxii^W 
truck  safe  and  worthwhile.  Isn't  it  about  time  wmifolHik 


Available  at  CB  dealers  everywhere 


ACOUSTIC  FIBER  SOUND 

7999  KNUE  ROAD:  SU.ITE  116 


I  u  I  ui«Mrrii«w.  — 

INDIANAPOLIS,  INDIANA  46250  ^71  842-0620  jW 
Canadian  Distributor  Muntz  Canada  Ltd.  1149  Pioneer  Road  Burlington  Ontario,  Canada  (416)  639  5373  ^ 

AM  AFS®/KRIKET®  ipeake  are  manufactured  in  the  U.S.A.  using  American  materials  and  craftsmai 

Coo^jaaUr T9?g  Acoustic  Fihi:™  Sound  Systems.  Inc. 


Experience 

the  excitement  of  owning  the  finest 
personal  computer  - 

IMSAI 8080 


music  system:  $699  in  kit;  $931 
assembled. 

WORLD  OF  USES 
The  IMSAI  8080  is  a  superbly 
engineered,  quality  computer.  It  is 
versatile,  expandable  and  power¬ 
ful,  putting  literally  hundreds  of 


switch  and  you’re  ready  for  game 
playing,  research,  education,  busi¬ 
ness  applications,  or  for  laboratory 
instrument  control.  It  has  all  the 
power  you  need,  and  more,  to 
make  your  application  ideas  come 
alive. 

GROWS  WITH  YOU 
The  IMSAI  8080  is  designed  for 
many  years  of  pleasure.  With  its 
open-chassis  engineering  you  can 
expand  your  system  by  adding 
peripherals  and  interfaces.  The  22- 
slots  and  28  amp  power  supply 
mean  that  you  can  plug-in  todays, 
plus  tomorrows  modules. 


and  a  single  interface  that  lets 
you  attach  multiple  devices  includ¬ 
ing  a  cassette  tape  recorder.  Ex¬ 
pect  the  latest,  exciting  equipment 
from  IMSAI.  We  are  committed 
to  leadership  in  this  expanding, 
technology. 

EASY  TO  PROGRAM 
With  our  BASIC  language  you 
can  operate  the  IMSAI  8080 
quickly  and  easily.  Technically 
knowledgeable?  .Use  our  assqrajpP 
language  to  develop  sogjjMWWed 
and  unique  softwarajur^ 


ersonal  computer, 
to  the  very  best  — 


IMSAI  f 


IMSAI 


IMSAI  Manufacturing  Corporation 

14860  Wicks  Btvd 
San  Leandro,  CA  94577 
(415)483-2093 
TWX  91 0-366  7287 


European  Distributor 

Harper  Industry  Prpdut 


Prices;  USA  Domestic, 
cwn£  NO  .  35  W  FAS  IWWMAT10N  CARO 


Waiting  for  you  —  all  the  incredible 
performance  and  power  of  the 
IMSAI  8080.  And  at  a  price  you 
would  normally  pay  for  a  home 


applications  and  uses  at  your 
fingertips.  Imagine  sitting  at  your 
desk  and  enjoying  interaction  with 
your  IMSAI  8080!  Press  the  on 


Right  now  you  can  add  a  module 
for  displaying  color  graphics  and 
characters  on  TV;  a  ready-to-use 
keyboard;  small  and  large  printers, 
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MULTIMETERS 

FOR 

ELECTRONICS 

BY  CLAYTON  L.  HALLMARK 


PART  2:  Digital  Multimeters 


LAST  MONTH,  we  discussed  the  tra¬ 
ditional  VOM  and  analog,  or  meter- 
type,  electronic  multimeters.  Here,  the 
focus  is  on  the  newest  type  of  electronic 
multimeter — the  digital  multimeter,  or 
DMM. 

DMM’s  offer  most  of  the  advantages 
of  analog-type  instruments,  plus  a  few 
that  are  unique.  The  use  of  numeric  dis¬ 
plays  in  place  of  meter  movements,  for 
example,  makes  reading  measurements 
easier  and  eliminates  interpretation  er¬ 
rors  common  with  multi-scale  analog 
meters.  They  also  make  possible  a  more 


accurate  instrument,  since  a  measure¬ 
ment  with  more  digits  is  obtained  than  is 
possible  with  an  analog  instrument. 

Technical  Details.  The  accuracy  of 
a  DMM  is  stated  in  percentage  of  read¬ 
ing,  rather  than  in  percentage  of  full- 
scale.  This  means  a  more  uniform  ac¬ 
curacy  throughout  a  given  range.  To  il¬ 
lustrate,  a  DMM  with  a  2%  accuracy  on 
the  100-volt  dc  range  would  be  accurate 
to  within  2  volts  at  100  volts  and  0.4  volt 
at  20  volts.  Therefore,  at  20  volts,  the 
DMM  would  be  five  times  as  accurate  as 
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the  analog  meter,  (In  practice,  this  dis¬ 
parity  might  be  even  greater,  consider¬ 
ing  that  many  DMM’s  are  more  accurate 
than  the  2%  figure  in  our  example.) 

In  addition  to  the  stated  accuracy,  the 
DMM  may  be  off  by  ±1  count  in  the 
least-significant  (farthest  right)  digit. 
This  means  that,  if  1000  volts  is  dis¬ 
played  by  an  instrument  with  a  0.1%,  ±1 
digit  accuracy,  the  actual  potential  being 
measured  can  be  anywhere  between 
998  and  1002  volts,  based  on  a  devia¬ 
tion  of  1  volt  for  the  0.1%  error  and  1  volt 
for  the  one-digit  error. 

Ac  accuracy.  Ac  voltage  accuracy  is 
usually  somewhat  worse  than  the  dc  ac¬ 
curacy  and  is  usually  limited  to  a  speci¬ 
fied  bandwidth.  Outside  the  specified 
frequency  range,  the  accuracy  drops  off 
rapidly.  Also,  ac  accuracy  is  usually 
specified  for  a  sine-wave  input;  any  oth¬ 
er  type  of  waveform  will  degrade  the  ac¬ 
curacy.  In  addition,  distorted  sine  waves 
produce  serious  accuracy  errors. 


Resistance  power .  Sounding  like  a 
contradiction  in  terms,  resistance  power 
simply  means  how  much  current/volt¬ 
age  will  be  applied  to  the  device  under 
test  by  the  DMM  when  using  the  instru¬ 
ment  in  the  resistance-measuring  mode. 
On  low  ohmic  ranges,  the  excessive  cur¬ 
rent  or  voltage  can  be  sufficient  to  dam¬ 
age  sensitive  semiconductors. 

Protection.  You  will  pay  good  money 
for  a  DMM,  so  you  will  want  to  use  it  as 
long  as  possible.  Always  keep  in  mind 
that  someday  you  might  use  the  resist¬ 
ance-measuring  function  to  try  to  meas¬ 
ure  line  voltage.  Unless  your  meter  is 
protected  on  all  ranges  and  functions,  it 
will  likely  be  damaged  heyond  repair. 
And  if  you  accidentally  set  it  up  on  the 
wrong  range  or  function,  it  may  cost  al¬ 
most  as  much  to  repair  as  to  replace  it,  if 
it  is  damaged. 

Ruggedness.  If  you  are  going  to  use 
your  DMM  in  the  field,  make  sure  it  has 
an  “impact-resistant"  case  and,  if  possi¬ 


ble,  a  case  that  will  protect  the  knob  and 
switch  controls  and  display  from  dam¬ 
age  if  the  instrument  is  dropped  onto  a 
hard  surface  on  its  face. 

Digits.  A  common  way  of  classifying 
DMM’s  is  by  the  number  of  digits  in  its 
display.  This  can  often  be  confusing  be¬ 
cause  an  instrument  that  displays  a 
maximum  count  of  1 999  has  3 Vi  digits, 
not  4  as  a  first  glance  might  lead  you  to 
believe.  The  initial  digit  is  actually  a  half 
digit  that  is  either  blanked  or  displayed 
as  a  1  and  only  a  1.  The  half  digit  is 
sometimes  called  the  “overrange"  digit, 
since  it  permits  measurements  to  be 
made  somewhat  beyond  the  selected 
range. 

If  a  3-digit  instrument  with  overranging 
is  used  to  measure  a  potential  that 
changes  from  99.9  to  100.2  volts,  the 
second  potential  could  be  read  to  the 
nearest  0.1  volt  without  having  to 
change  ranges.  Without  overranging  ca¬ 
pability,  the  meter  would  have  to  be 


B&K  Precision  Model  280 
(shown  also  onprecedjng  page). 


Danameter  2000A  and  Danameter  II 2000A 


Simpson  Model  380 


i 

John  Fluke  Model  8030A 


\ 


Viz  WD-750A  VoltOhymst 


Data  Tech  Model  21 
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Shakespeare's 
White  Knight.  The 
best  antenna  going 
And  coming. 


Shakespeare  comes  on  strong  for  the  new  40 
channel  era.  With  high  performance  CS  antennas 
that  turn  on  the  power  on  all  23  or  40  channel 
CB  transceivers. 

Shakespeare's  new  Wh  ite  Kn  ight  Antenna 
combines  the  rugged,  mechanical  strength  of  gleam* 
ing  white  fiberglass  with  precision  engineered  elec¬ 
tronic  components.  Components  like  the  high  quality 
loading  coil  permanently  fused  in  a  solid  polycar¬ 
bonate  thermoplastic  base. Totally  impervious  to  the 
environment.  And  pre-tuned  to  an  SWR  of  1.9  to  1 
or  less  overthe  40  channel  band  {1.3  to  1  or  less  at 
the  center).  To  assure  maximum  range  and  peak 
performance  everytime  you  key  the  mike.  That’s  what 
sets  the  White  Knight  antenna  apart  from  ail 
the  others. 

Ride  full  tilt  into  the  40  channel  era  with  the  new 
White  Knight  CB  Antenna.  And  take  the  Shakespeare 

performance  route  home. 


The  White  Knight  Antenna, 

Style  430/available  in  a  variety 
of  pre-assembled  mounting 
styles.  Complete  with  cables 
and  connectors.  Under  $25. 


Coming  on  strong  for  the  Knights  of  the  Re ad. 


Shakespeare  Company/Antenna  Group,  P.O.  Bo*  246,  Columbia,  S.C.  29202 


In  Canada:  Len  Fihklef  Ltd.,  Ontario. 
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switched  to  the  1000-volt  range,  where  it 
would  correctly  indicate  100  volts  to  the 
nearest  1  volt  instead  of  the  nearest  0.1 
volt. 

Overranging.  This  is  sometimes  spec¬ 
ified  as  a  percentage  by  which  this  fea¬ 
ture  extends  the  range  capability  of  the 
instrument.  Hence,  if  a  4!4-digit  DMM 
has  a  maximum  display  capability  of 
19999,  it  is  said  to  have  100%  overrang¬ 
ing  because  1 9999  is  about  1 00%  great¬ 
er  than  9999.  And  if  a  4!/2-digit  DMM  has 
a  maximum  display  count  of  11999,  it  is 
said  to  have  20%  overranging  because 
the  maximum  without  overranging  would 
be  9999. 

Resolution.  A  related  DMM  specifica¬ 
tion  is  resolution,  which  is  one  part  in  the 
maximum  reading.  The  resolution  of  a  4- 
digit  instrument  with  20%  overranging  is 
one  part  in  1 1 ,999. 

Sensitivity.  This  is  sometimes  con¬ 
fused  with  resolution  and  is  the  lowest 
displayable  increment  of  voltage  that  is 


Hickok  Model  3300A 


Non-Linear  Systems  Model  LM-3.5 


represented  by  the  least-significant  digit 
in  the  display  when  the  meter  is  set  to  its 
lowest  range.  A  4-digit  meter  with  a  100- 
mV  lowest  range  and  the  capability  of 
displaying  100.00  mV  has  a  sensitivity  of 
10  microvolts. 

DMM’s  For  Servicing.  There  are 
many  digital  multimeters  from  which  the 
service  technician  and  hobbyist  can 
choose.  (A  list  of  manufacturers  of  such 
instruments  is  given  in  the  table.  The 
manufacturers  can  supply  technical  liter¬ 
ature  and  prices  for  the  digital  instru¬ 
ments  they  make.)  Most  instruments  for 
servicing  and  hobby  use  are  in  the  low- 
and  moderate-price  ranges.  They  offer  a 
wide  variety  of  ranges,  functions,  and 
features  that  can  be  matched  to  just 
about  any  test  and  measurement  job 
you  might  have. 

Controls.  The  front-panel  controls  and 
jacks  on  most  DMM’s  are  similar  to  and 
serve  the  same  purposes  as  in  the 


VOM.  This  means  that  the  typical  DMM 
is  operated  in  a  manner  similar  to  that  of 
a  VOM.  The  range  and  function 
switches  in  DMM’s  are  generally  sepa¬ 
rate  controls.  The  “hot”  input  jack  is  usu¬ 
ally  labelled  v  ft  for  ac  and  dc  voltage 
and  resistance  and  ma  for  ac  and  dc  cur¬ 
rent,  both  referenced  to  a  com  jack. 
Some  DMM’s  also  have  a  zero  control 
that  is  used  to  set  the  display  to  all  zeros 
when  the  two  test  probes  are  shorted  to 
each  other. 

Overrange  indication.  The  “over¬ 
range”  indication  is  displayed  whenever 
the  input  to  the  instrument  is  greater  in 
magnitude  than  the  setting  of  the  range 
switch  allows.  In  some  instruments,  the 
indicator  for  this  condition  is  an  over  (or 
overrange)  lamp,  while  in  others  the 
overload  is  indicated  by  a  1  in  the  half¬ 
digit  position  with  the  other  digits 
blanked  or  by  some  other  distinctive  dis¬ 
play  feature. 

Polarity  display.  Almost  all  modern 

(continued  on  page  38) 
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Hie  ultimate  base 

For  people  who  want  the  finest  in  CB 
radio,  there  is  the  Tram  D201  base  sta¬ 
tion.  Each  base  station  is  hand  assem¬ 
bled  with  care,  patience  and  infinite 
skill  to  produce  a  radio  with  superb 
performance  and  a  host  of  outstanding 
features. 

The  Tram  D201  base  station  is  rigidly 
inspected  and  subjected  to  the  indus¬ 
try's  most  thorough  and  demanding 
testing  procedures.  The  result  is  a  dis¬ 
tinctive  precision  instrument  created 
by  craftsmen  for  people  who  appreciate 
owning  the  very  best. 

Find  out  more  about  the  ultimate  base 
and  the  complete  line  of  Tram  mobile 
CB  radios.  Send  for  a  free  brochure  or 
see  your  local  CB  dealer. 


Cal 


S  PVr& 


The  mark  of  CB  quality  since  1960 


TRAM/DIAMOND  CORPORATION 

Lower  Bay  Road.  P.O.  Box  187,  Winnisquam,  NH  03289 
(603)524-0622.  ^ 


uAHUAL  CAL. 


tAMUAl  TUNW6 


Now  you  can  buy  an 
Altair“8800b  or  an  Altair 
680b  computer  right  off 
the  shelf.  Altair  plug-in 
boards,  peripherals, 
software  and  manuals 
are  also  available. 
Check  the  list  below 
for  the  MITS 
dealer  in  your  area. 


ALTAIR  COMPUTER  CENTER 
8105  SW  Nimbus  Ave. 

BEAVERTON.  OR  97005 


COMPUTER  KITS  (S.F.  area) 
1044  University  Ave. 
BERKELEY.  CA  94710 
(415)-845-5300 

THE  COMPUTER  STORE 
(Arrowhead  Computer  Co.) 

820  Broadway 

SANTA  MONICA,  CA  90401 

(2131-451-0713 

GATEWAY  ELECTRONICS.  INC. 
OF  COLORADO 
2839  W.  44th  Ave. 

DENVER,  CO  80211 
(3031-458-5444 


COMPUTER  SHACK 
3120  San  Mateo  N.E. 
ALBUQUERQUE,  NM  87110 
(5051-883-8282;  883-8283 


ALTAIR  COMPUTER  CENTER 
4941  East  29th  St. 

TUCSON,  AZ  85711 
(602J-748-7363 


ALTAIR  COMPUTER  CENTER 
2801  Cornhusker  Hwy. 
LINCOLN,  NB  68504 
(4021-466-1853;  466-6759 


THE  COMPUTER  ROOM 
3938  Beau  D'Rue  Drive 
EAGAN,  MN  55122 
(6121-452-2567 


THE  COMPUTER  STORE,  INC. 
120  Cambridge  St. 

BURLINGTON,  MA  01803 

(617)-272-8770 


COMPUTER  PRODUCTS  UNLIMITED 
2412  Broadway 
LITTLE  ROCK,  AR  72206 
(5011-371-0449 

ALTAIR  COMPUTER  CENTER 

IIO  The  Annex 

5345  East  Forty  First  St. 

TULSA,  OK  74135 
(9181-664-4564 

ALTAIR  COMPUTER  CENTER 
5750  Bintliff  Drive 
HOUSTON,  TX  77036 
(7131-780-8981 

COMPUTERS-TO-GO 
4503  West  Broad  St. 

RICHMOND,  VA  23230 

(804)-335-5773 


MICROSYSTEMS  (Washington,  D  C.) 
6 605 A  Backlick  Rd. 

SPRINGFIELD,  VA  22150 

(7031-569-1110 

THE  COMPUTER  STORE 
Suite  5 

Municipal  Parking  Building 

CHARLESTON,  W.  VA.  25301 

(3041-345-1360 


THE  COMPUTER  STORE 

OF  ANN  ARBOR 

310  East  Washington  Street 

ANN  ARBOR,  Ml  48104 

(3131-995-7616 


THE  COMPUTER  STORE.  INC. 
(Hartford  area) 

63  South  Main  Street 
WINDSOR  LOCKS,  CT  06096 
(2031-627-0188 

CHICAGO  COMPUTER  STORE 
517  Talcott  Rd. 

PARK  RIDGE.  IL  60068 

(3121-823-2388 

GATEWAY  ELECTRONICS,  INC 
8123-25  Page  Blvd. 

ST.  LOUIS,  MO  63130 
(314J-427-6116 


ALTAIR  COMPUTER  CENTER 
269  Osborne  Road 

ALBANY,  NY  12211 

(5181-458-6140 

THE  COMPUTER  STORE 
OF  NEW  YORK 
55  West  39th  St. 

NEW  YORK,  NY  10018 

(2121-221-1404 


THE  COMPUTER  SYSTEMCENTER 
3330  Piedmont  Road 
ATLANTA,  GA  30305 
(4041-231-1691 


MARSH  DATA  SYSTEMS 
5405  B  Southern  Comfort  Blvd. 
TAMPA,  FL  33614 
(8131-886-9890 


B  YTE’TRON  ICS 
Suite  103 
1600  Hayes  St. 

NASHVILLE,  TN  37203 

(615J-329-1979 
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GOING  FROM  ANALOG  TO  DIGITAL 


Digital  circuits  cannot  by  themselves 
measure  such  analog  parameters  as  volt¬ 
age,  current,  and  resistance.  It  is  neces¬ 
sary,  therefore,  for  the  digital  circuits  in  a 
DMM  to  be  preceded  by  analog-to-digital 
(A/D)  converters  that  present  analog  infor¬ 
mation  in  a  form  that  digital  circuits  can 
use.  Essentially,  the  A/D  converter  feeds  a 
set  number  of  pulses  to  the  digital  counting 
circuits,  the  number  of  pulses  depending 
on  the  magnitude  of  the  parameter  being 
measured.  The  greater  the  magnitude  of 
the  analog  parameter  (or  the  longer  a  gate 
is  held  open),  the  greater  the  number  of 
pulses  delivered  to  the  counting  circuits. 
There  are  basically  two  types  of  converters 
used  in  DMM’s  today.  One  is  the  single¬ 
slope  converter  shown  in  diagram  A,  the 
other  is  a  dual-slope  converter,  shown  in 
diagram  B. 

The  single-slope  converter,  used  in 
many  low-cost  DMM’s,  contains  a  capaci¬ 
tor  that  is  linearly  charged  from  a  constant- 
current  source.  The  potential  across  the 
capacitor  is  applied  to  the  inverting  (-)  in¬ 
put  of  a  voltage  comparator,  a  form  of  op¬ 
erational  amplifier.  The  unknown  voltage 
to  be  measured  is  applied  to  the  noninvert¬ 
ing  (+)  input  of  the  comparator.  In  a  volt¬ 
age  comparator,  when  the  potential  at  the 
+  input  is  greater  than  that  at  the  -  input, 
the  output  from  the  comparator  is  high. 

As  the  potential  across  the  capacitor, 
and  hence  across  the  -  input  of  the  com¬ 
parator,  reaches  a  level  that  just  slightly 
exceeds,  by  a  few  millivolts,  the  potential 
at  the  +  input,  the  comparator  switches  to 
a  low-output  state. 

The  output  of  the  comparator  is  fed  to  a 
three-input  gate,  along  with  the  pulses 
from  a  stable  oscillator  of  known  frequency 
and  a  control  signal  that  can  be  either  high 
or  low.  When  both  the  comparator  and 
control  signals  are  high,  the  oscillator 
pulses  can  pass  through  the  gate  and  on  to 
the  counter  circuit.  If  either  the  comparator 
output  or  the  control  signal  are  low,  the 
gate  will  be  disabled,  preventing  the  oscil¬ 
lator  pulses  from  passing  through  to  the 
counter. 

In  operation,  the  control  signal  causes 
the  counter  to  reset  to  zero  and,  via  elec¬ 


tronic  switching,  turns  off  the  gate  and  dis¬ 
charges  the  capacitor.  Hence,  the  oscilla¬ 
tor  signal  cannot  pass  through  the  con¬ 
stant-current  source.  As  the  unknown  volt¬ 
age  at  the  input  is  greater  than  the  poten¬ 
tial  across  the  capacitor,  the  output  of  the 
comparator  is  high  and  allows  the  oscilla¬ 
tor  signal  to  pass  on  to  the  counter.  As 
soon  as  the  capacitor  potential  exceeds 
the  unknown  voltage,  the  comparator 
switches  state  and  disables  the  gate,  pre¬ 
venting  any  more  oscillator  pulses  to  be 
passed  on  to  the  counter.  Another  signal 
then  causes  the  display  to  indicate  the 
state  of  the  counter.  After  a  predetermined 
interval,  the  special  control  signal  resets 
the  gate,  discharges  the  capacitor,  and 
prepares  for  the  start  of  a  new  cycle. 

Note  that  the  accuracy  of  the  single¬ 
slope  converter  depends  on  the  stability  of 
the  oscillator,  voltage  comparator,  and 
constant-current  source  and  the  quality  of 
the  capacitor.  Noise  on  the  input  signal  can 
produce  faulty  indications  in  this  system. 

Better  digital  multimeters  use  dual-slope 
conversion  (circuit  B).  This  system  also 
uses  a  capacitor  that  is  charged  by  a  con¬ 
stant-current  source,  but  charging  is  per¬ 
formed  by  an  integrator  circuit,  using  an  op 
amp.  In  this  manner,  the  capacitor  can  be 
linearly  charged  and  then  linearly  dis¬ 
charged  to  provide  the  voltage/time  con¬ 
version  required.  This  eliminates  long-term 
drift  due  to  component  instability,  tempera¬ 
ture  variations,  and  noise  on  the  input  sig¬ 
nal  and  provides  for  better  accuracy,  the 
last  between  0.5%  and  0.01%. 

In  circuit  B,  let  us  assume  that  the  sys¬ 
tem  has  been  reset  so  that  the  integrating 
capacitor  has  been  discharged  and  the 
counter/display  is  at  zero.  The  control  sig¬ 
nal  connects  the  comparator  input  to  the 
unknown  input  voltage,  which  is  negative 
in  this  case.  Due  to  the  arrangement  of  the 
circuit,  at  time  TO,  the  output  at  the  integra¬ 


tor  will  be  slightly  negative  and  the  output 
of  the  comparator,  whose  +  input  is  refe¬ 
renced  to  ground,  will  be  low.  Under  these 
conditions,  the  gate  will  not  allow  the  oscil¬ 
lator  signal  to  pass  through,  since  its  other 
input  is  low. 

The  unknown  potential  at  the  input  ap¬ 
plied  to  the  -  input  of  the  integrator  causes 
the  op  amp  to  charge  the  capacitor.  As  this 
voltage  passes  through  zero  (time  T1),  it 
turns  on  the  comparator  which,  in  turn,  al¬ 
lows  the  oscillator  pulses  to  pass  through 
the  gate  to  the  counting  circuits.  The  capa¬ 
citor  continues  to  charge  and  the  counter 
continues  to  count  until  it  reaches,  in  this 
case,  the  10-volt  count.  At  this  time,  the 
counter  generates  an  "overrange"  signal. 
The  overrange  signal  occurs  at  time  T2 
and  electronically  switches  the  integrator 
input  from  the  unknown  input  voltage  to  an 
internal  fixed  dc  reference  voltage  of  pos¬ 
itive  polarity.  Note  that  the  time  from  T1  to 
T2  completely  fills  the  counters  once.  This 
time  is  not  fixed  because  the  charging  rate 
is  determined  by  the  level  of  the  unknown 
voltage.  A  high  voltage  reduces  the  Tl-to- 
T2  period,  while  a  low  voltage  increases  it. 

At  time  T2,  the  reference  voltage  starts 
the  integrator  in  the  opposite  direction  and 
linearly  discharges  the  capacitor.  The  ref¬ 
erence  voltage  is  held  stable  by  internal 
circuitry.  The  linear  discharge  continues, 
as  does  the  count  (gate  held  open  by  the 
high  level  of  the  comparator's  output),  until 
the  decreasing  ramp  passes  through  zero 
(time  T3),  forcing  the  comparator  to 
change  output  state  and  shut  down  the 
gate  to  stop  the  counter. 

When  the  gate  shuts  down,  the  counters 
display  a  count  that  is  directly  proportional 
to  the  ratio  of  the  unknown  voltage  to  the 
reference  voltage.  If  a  high-quality  integra¬ 
tor  capacitor  and  a  stable  reference  volt¬ 
age  are  used  in  the  circuit,  the  accuracy  of 
the  system  can  be  quite  good. 


OSCILLATOR 


OVERRANGE 

SIGNAL 


1_ 


(B| 

Two  types  of  converters  used  in  DMM’s: 
single-slope  (A)  and  dual-slope  (B). 
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COMPARISON  OF  METER  SPECIFICATIONS 


DVM 

VTVM 

FETVOM 

VOM 

Accuracy  (%) 

(S*) 

0.1-2 

3-5 

3-4 

1-5 

(L*) 

0.4-0.004 

1-3 

1-2 

Frequency  Limit 

(S) 

20Hz-20  kHz 

To  4  MHz, 

To  3  MHz, 

To  100  kHz 

250  MHz 

250MHz 

with  probe 

with  probe 

(L) 

To  100  MHz 

To  700  MHz 

To  1  MHz, 

500  MHz 
with  probe 

Ac  impedance 

(S) 

10  megohms 

10  megohms 

1-10  megohms 

0/5kilohms 
per  volt 

(L) 

1-10  megohms  10  megohms 

10  megohms 

20  kilohms 

per  volt 

Waveform  response 

(S) 

Avg. 

Peak,  p-p 

Peak,  p-p 

Avg. 

(L) 

Avg.,  rms 

Avg.,  rms 

Avg. 

Voltage  readings 

(S) 

10  |xV- 

0.2  mV- 

0.1  mV- 

5mV- 

(min.  and  max.) 

1000  V 

1500  V 

1500  V 

6000  V 

(L) 

1  p.V- 

20  |xV- 

200  ixV- 

1000  V 

1000  V 

1000  V 

Resistance  readings 

(S) 

1  ohm- 

0.2  ohm- 

0.2  ohm- 

0.2  ohm- 

10  megohms 

1000  megohms 

1000  megohms  100  megohms 

(L) 

0.0001  ohm- 

0.2  ohm- 

0.2  ohm- 

10  megohms 

5000  megohms 

500  megohms 

*S  =  Service  type.  L  =  Laboratory  type. 


DMM’s  feature  automatic  polarity  indica¬ 
tion  in  the  display,  activated  by  internal 
circuitry  according  to  the  polarity  of  the 
dc  voltage  or  current  being  measured. 
(In  some  instruments,  4-  is  implied,  while 
other  instruments  display  both  +  and 
-.)  With  the  autopolarity  feature  built 
into  a  DMM,  there  is  no  need  to  trans¬ 
pose  test  probes  or  to  flip  a  polarity-rev¬ 
ersing  switch,  which  further  simplifies  in¬ 
strument  operation.  And  positioning  of 
the  decimal  point  in  the  display  is  also 
automatic  whenever  the  range  switch  is 
operated. 

Probes.  Some  DMM’s  come  with 
probes  that  have  switchable  isolation  re¬ 
sistors  in  them  to  prevent  capacitive 
loading  when  making  dc  voltage  and  r-f 
circuit  measurements.  High-voltage  and 
r-f  probes  are  also  available  to  extend  a 
meter’s  basic  voltage  and  frequency 
ranges. 

Since  most  DMM’s  are  average-sens¬ 
ing  and  rms-calibrated,  any  input  other 
than  a  pure  sine  wave  on  the  ac  function 
can  cause  an  error  in  the  reading  ob¬ 
tained.  At  low  signal  levels,  the  ±1- 
count  ambiguity  can  lead  to  serious 
measurement  errors.  If  a  3-digit  DMM  is 
set  to  the  0.1  -volt  range  and  the  indicat¬ 
ed  display  is  0.010,  for  example,  the 
one-count  ambiguity  would  mean  that 
the  true  potential  could  be  0.009  or 
0.01 1  volt,  an  error  of  10%. 

Choosing  a  DMM.  You  must  deter¬ 
mine  which  type  of  DMM  best  suits  your 
needs.  If  you  plan  on  using  your  DMM 
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DMM  MANUFACTURERS 

Balia  ntine  Laboratories,  Inc. 

Box  97,  Boonton,  NJ  1 7005 
B&K  Precision 

6460  W.  Cortland,  Chicago,  IL  60635 
Dana  Laboratories,  Inc. 

2401  Campus  Dr.,  Irvine,  CA  92713 
Data  Precision  Corp. 

Audubon  Rd.t  Wakefield,  MA  01880 
Data  Technology  Corp. 

2700  S.  Fairview  Rd.,  Santa  Ana,  CA 
92704 

DeForest  Electronics 

40  Fairfield  Pi.,  W.  Caldwell,  NJ  07006 
Dynascan  Corp.,  B&K 
1801  W.  Belle  Plaine  Ave.,  Chicago,  IL 
60613 

John  Fluke  Mfg.  Co. 

Box  43210,  Mountlake  Terrace,  WA 
98043 

Heath  Co. 

Benton  Harbor,  Ml  49022 

Hewlett-Packard 

1 501  Page  Mill  Rd.,  Palo  Alto,  CA  94304 
Hickok  Electrical  Inst.  Co. 

10514  Dupont  St.,  Cleveland,  OH  441 08 
Leader  Instrument  Corp. 

1 51  Dupont  St.,  Plainview,  NY  11803 
Non-Linear  Systems  Inc. 

Box  N,  Del  Mar,  CA92014 
Sencore  Inc. 

3200  Sencore  Dr.,  Sioux  Falls,  SD 
57107 

Simpson  Elect.  Co.,  Div.  of  AGM 
853  Dundee  Ave.,  Elgin,  IL  60120 
Systron-Donner  Corp.,  Instrument  Div. 

1 0  Systron  Dr.,  Concord,  CA  94518 
Tektronix  Inc. 

Box  500,  Beaverton,  OR  97077 
Viz  Test  Instrument  Group 
335  E.  Price  St.,  Philadelphia,  PA  19144 


as  a  bench-only  instrument,  a  line-pow¬ 
ered  DMM  will  probably  be  your  first 
choice.  On  the  other  hand,  if  you  intend 
to  use  your  DMM  almost  exclusively  in 
the  field,  battery  power  is  a  must.  An  in¬ 
strument  that  must  be  used  for  both  field 
and  bench  testing  should  be  capable  of 
being  operated  on  battery  power  in  the 
field  and  line  power  on  the  bench. 

The  number  of  digits  in  the  display  will 
influence  the  type  or  model  instrument 
you  choose.  In  most  cases,  every  added 
digit  boosts  the  cost  of  the  DMM.  So,  if 
you  are  working  with  20%  resistors  and 
capacitors  and  most  schematic  dia¬ 
grams  indicate  tolerances  to  only  two 
decimal  places,  a  214-digit  DMM  is  all 
you  really  need.  Of  course,  if  you  are 
working  with  high-level  technology,  do 
not  look  for  an  instrument  with  less  than 
314  digits  in  the  display. 

The  type  of  display  you  choose  may 
also  be  important.  The  three  most  popu¬ 
lar  types  used  in  DMM’s  today  are  the 
red  LED,  orange  gas-discharge,  and 
LCD  (liquid  crystal  display)  displays.  Ex¬ 
cept  for  the  gas-discharge  type,  which 
can  be  either  seven-segment  or  in¬ 
dividual  0-through-9  format,  the  displays 
are  arranged  in  seven  segments.  For 
most  indoor  work,  the  LED  display  is 
convenient.  You  can  work  with  an  instru¬ 
ment  with  a  LED  display  even  where 
ambient  light  levels  are  quite  low,  since 
the  display  itself  lights  up.  For  outside 
work,  where  the  ambient  light  is  very 
bright,  a  LED  display  is  likely  to  wash  out 
and  become  unreadable  unless  a  light 
hood  is  used.  Here,  the  LCD  offers  a 
high  degree  of  legibility,  since  contrast 
increases  with  increasing  light  levels. 
The  disadvantage  of  the  LCD  is  that  it  is 
very  difficult  to  read  when  the  light  level 
is  relatively  low.  The  gas-discharge  dis¬ 
play  bridges  the  gap  between  the  LED 
and  LCD  displays. 

Although  most  DMM’s  that  would  be 
used  by  the  experimenter/hobbyist  have 
a  10-megohm  input  resistance,  you  may 
find  instruments  with  different  input 
impedances  specified.  Keep  in  mind  that 
the  input  resistance  will  be  in  parallel 
with  the  device  or  circuit  being  mea¬ 
sured  and  that  even  a  10-megohm  input 
resistance  across  a  10,000-ohm  load 
represents  a  loading  error  of  0.1%  that 
must  be  added  to  the  instrument’s  ac¬ 
curacy  specifications.  If  you  are  thinking 
of  using  a  DMM  with  a  1000-megohm  or 
greater  input  resistance  to  avoid  loading 
effects,  remember  that  changing  tem¬ 
perature  will  introduce  errors  in  the 
measurement.  Also  keep  in  mind  that 
there  is  quite  a  difference  between  input 
resistance  and  input  impedance.  Input 
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resistance  is  specified  for  dc  measure¬ 
ments,  while  input  impedance  is  for  ac 
measurements.  Too,  besides  input  re¬ 
sistance,  there  is  also  input  resistance 
due  to  capacitance  of  the  test-probe  ca¬ 
ble  with  which  to  contend. 

Depending  on  the  type  of  work  you 
will  be  doing,  even  a  basic  DMM  may 
not  be  what  you  need.  If  you  do  a  lot  of 
alignment,  where  tuned  circuits  must  be 
“tweaked”  for  maximum  or  minimum  re¬ 
sponse  at  some  particular  frequency, 
you  will  need  a  “trend”  indicator  incorpo¬ 
rated  into  your  DMM.  This  device  is  usu¬ 
ally  an  analog-type  meter  movement. 
The  numeric  display  will  indicate  the  val¬ 
ue  of  the  parameter  being  measured, 
while  the  meter  movement  will  indicate 
the  trend  taking  place. 

There  are  some  mechanical  consider¬ 
ations,  too.  For  a  portable  field  instru¬ 
ment,  look  for  a  handle  that  can  also 
double  as  a  tilt  stand  to  elevate  the  front 
of  the  instrument  at  a  convenient  view¬ 
ing  angle.  Such  handles  are  usually 
standard  equipment  on  modern  DMM’s. 
Another  thing  to  look  for  is  nonskid  rub¬ 
ber  “feet”  on  the  bottom  of  the  instru¬ 
ment’s  case.  The  feet  will  not  only  pre¬ 
vent  the  DMM  from  being  accidentally 
brushed  off  your  workbench  onto  a  hard 
floor,  it  will  also  make  using  the  DMM 
easier  by  keeping  it  in  place  when  you 
press  a  switch  with  only  one  hand. 

The  matter  of  instrument  size  is  usual¬ 
ly  a  personal  taste.  Obviously,  if  you 
plan  to  use  the  DMM  primarily  for  field 
service,  the  smaller  the  better.  You  may 
also  want  a  very  compact  instrument  on 
your  workbench,  which  is  fine  if  the  in¬ 
strument  packs  all  the  ranges,  functions, 
and  features  you  need.  But  bear  in  mind 
that  larger  instruments  often  offer  func¬ 
tions  and  conveniences  not  avaialbe  in  a 
compact  DMM. 

Actually,  which  digital  multimeter  you 
buy  depends  on  the  applications  for 
which  it  is  intended  and  how  much 
money  you  have  to  spend.  You  would 
not,  for  example,  pay  the  premium  price 
demanded  for  a  0.01%  laboratory-grade 
DMM  when  a  0.1%  accuracy  is  all  you 
will  ever  need. 

The  best  advice  is  to  tailor  the  instru¬ 
ment  to  the  type  of  work  you  will  be  do¬ 
ing.  Once  you  fulfill  your  needs  for  func¬ 
tions,  ranges,  features,  and  size,  look 
into  such  things  as  accessories,  auto¬ 
ranging,  etc.,  if  your  budget  will  allow 
them.  The  new  DMM’s  on  the  market 
(and  those  still  to  come)  are  offering  fea¬ 
tures  and  functions  that  either  did  not 
exist  before  or  commanded  very  high 
prices  in  the  past.  The  newer  instru¬ 
ments  offer  more  for  less  money.  O 
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■  Built-in  delay  circuitry, 
continuously  variable,  from 
lAisec  to  5sec . . .  plus 
5mV/Div  sensitivity. 

■  Selectable  synchronization  — 
automatic,  normal,  single  trace 
and  reset  modes  with  H-F  rejection. 

■  XI 0  magnification;  ±3% 
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functional  determination. 

■  20,000:1  delay  jitter  — X-Y  phase 
difference  below  3°  @  lOOKHz. 
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10  steps. 
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You’ve 


rest...now  try 
the  best. 


Send  for  our 
complete  A  P  catalog 
The  Faster  and  Easier  Book. 


Solderless  strips, 
backing  board  and 
binding  posts.  Everything 
you  need  to  build  and  test  your 
own  circuit.  Used  to  be  you’d  get  a 
circuit  idea,  lay  out  a  pc  board,  print  it, 
solder  everything  together,  troubleshoot, 

change  your  layout,  try  a  new  board,  and  spend  absolutely  too  much  time  bread¬ 
boarding.  Now  A  P  ACE  All  Circuit  Evaluators  let  you  breadboard  in  a  fraction  of 
the  time.  Make  your  changes  immediately.  Keep  full  leads  on  your  components. 
Avoid  the  heat  damage  possible  with  repeated  soldering  and  desoldering.  A  P 
made  the  first  modern  solderless  breadboard,  and  we  still  make. them  best. 

Pick  an  ACE  for  Faster  and  Easier  solderless  circuit  building  and  testing. 


Pari 

No. 

ACE 

Model  No. 

Tie 

Points 

DIP 

Capacity 

No. 

Buses. 

No. 

Posts 

Board  Size 
(inches) 

Price 

Each 

923333 

200-K  (kit) 

728 

8  ( 1 6's) 

2 

2 

4-9/16*5-9/16 

$18.95 

923332 

208  (assem.) 

872 

8  (16  s) 

8 

2 

4-9/16*5-9/16 

28.95 

923334 

201-K  (kit) 

1032 

12  (14  s) 

2 

2 

4-9/16*7 

24.95 

923331 

212  (assem.) 

1224 

12  (14  s) 

8 

2 

4-9/16x7 

34.95 

923326 

218  (assem.) 

1760 

18  (14  s) 

10 

2 

6-1/2X7-1/8 

46.95 

923325 

227  (assem.) 

2712 

27  (14  s) 

28 

4 

8x91/4 

59.95 

923324 

236  assem.) 

3648 

36  (14  s) 

36 

4 

10-1/4x9-1/4  | 

79.95 
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Digital  circuitry  has  spawned  a  varie¬ 
ty  of  troubleshooting  aids,  including 
logic  probes,  pulse  generators,  1C  clip- 
type  testers,  logic  comparators,  and 
multiple-trace  oscilloscopes.  All  are 
most  useful — up  to  a  point.  That  point  is 
reached  when  the  digital  equipment 
contains  a  microprocessor,  as  in  com¬ 
puters,  scanning  monitors,  video 
games,  microwave  ovens,  etc. 

In  such  cases,  how  does  one  examine 
a  number  of  operating  interdependent 
circuit  lines  for  debugging  purposes?  In¬ 
dustry  knows  how— with  a  “logic  analyz¬ 
er,”  an  instrument  with  a  bottom  price  of 
about  $2500.  Now,  however,  you  can 
build  your  own  logic  analyzer  for  less 
than  $1 90. 

The  Logic  Analyzer  presented  here 
features  eight  input  lines  and  an  ability 
to  examine  sequential  data  before  or  af¬ 
ter  a  reference  event,  displaying  a  truth 
table  consisting  of  1  ’s  and  0’s  on  any  os¬ 
cilloscope  CRT.  This  is  called  a  data- 
domain  logic  analyzer.  (There  are,  of 
course,  other  types  of  analyzers,  one  of 
which  displays  a  timing  diagram  on  a 
scope’s  CRT.) 


BREAKTHROUGH  PROJECT 


Data-domain  instrument  for 

troubleshooting  any  type  of 
digital  system  including  microcomputers. 


BY  G.  MUETHING,  I.  SPECTOR,  AND  C.  WONG 


Why  a  Logic  Analyzer?  Because  di¬ 
gital  logic  operates  at  two  different  volt¬ 
age  levels  (0’s  and  Vs),  the  first  special- 
digital  test  instrument  was  the  simple  di¬ 
gital  probe.  The  digital  probe  uses  some 
type  of  indicator,  usually  a  LED,  to  indi¬ 
cate  the  presence  or  absence  of  a  signal 
at  any  selected  single  point  in  a  circuit. 
Since  digital  circuits  usually  consist  of  a 
number  of  IC’s  that  all  operate  from  a 
common  timing  clock,  even  if  a  single  di¬ 
gital  probe  gives  a  proper  indication  at  a 
given  test  point,  there  is  no  way  of  deter¬ 
mining  if  the  observed  pulse  is  correctly 
timed. 

The  shortcomings  of  the  digital  probe 
led  to  the  development  of  the  1C  “clip” 
tester  in  which  1 4  or  1 6  LED’s  could  indi¬ 
cate  the  logic  states  at  each  of  the  1C 
pins.  Note  that  the  status  of  the  logic  is 
of  interest  only  at  a  specified  instant  in 
time  related  to  the  clock.  This  brings  up 
another  problem — clock  speed.  With 
most  clock  rates,  single  14/16-pin  LED 
indicator  probes  may  display  only  a  blur 
(except  at  the  ground  and  power  pins  of 
the  1C),  with  the  blur  rate,  or  light  intensi¬ 
ty,  a  function  of  the  clock  speed.  Hence, 
unless  you  are  able  to  drastically  slow 
down  the  clock  rate,  you  still  will  not  be 
able  to  discover  anything  but  the  pres¬ 
ence  or  absence  of  signals,  whether  or 
not  they  are  correctly  timed. 

Using  a  logic  analyzer  with  an  oscillo¬ 
scope,  you  can  display  a  “truth  table”  of 
the  digital  circuit  being  tested  under  ac¬ 


tual  operating  conditions.  Simply  by  se¬ 
lecting  a  “trigger  word”  consisting  of  a 
particular  set  of  1  ’s  and  0’s,  the  analyzer 
will  freeze  the  1 5  8-bit  digital  words  that 
precede  the  selected  trigger  word  and 
display  the  data  so  that  it  can  be 
analyzed  at  your  leisure.  A  switch  also 
allows  the  observation  of  the  15  digital 
words  that  follow  the  trigger  word  if  the 
problem  is  thought  to  lie  in  that  direction. 
By  changing  the  trigger  word,  which  is 
brightness  accented  in  the  display,  as 
you  step  through  the  truth  table,  it  be¬ 
comes  possible  to  examine  the  digital 
logic  from  start  to  finish.  In  essence, 
then,  the  Logic  Analyzer  is  a  form  of 
electronic  “time  machine”  that  can 
freeze  digital  events  before  or  after  any 
selected  point  in  time. 

Because  a  computer  consists  of  a 
number  of  interlocking  digital  circuits, 
each  carefully  timed  from  a  common 
clock  signal,  the  misplacement  of  one  bit 
among  thousands  can  cause  a  great 
deal  of  trouble.  Programs  that  can  be 
properly  written  will  not  run  because  of 
an  erroneous  bit  being  generated  within 
the  system. 

Why  not  use  a  conventional  oscillo¬ 
scope?  True,  you  can  see  a  small  group 
of  bits  at  any  given  time.  But  if  the  sys¬ 
tem  under  test  is  running  at  the  usual 
clock  rates,  the  picture  displayed  will 


keep  changing  and  be  blurred.  The 
scope  can  display  a  signal  only  after  it 
has  been  triggered.  If  you  happen  to  trig¬ 
ger  on  the  problem  itself,  you  have  fur¬ 
ther  complications.  Because  computers, 
peripherals,  ROM’s,  and  other  digital  de¬ 
vices  may  not  repeat  the  same  state 
over  and  over  again,  a  scope  without 
storage  capability  cannot  display  a 
“snapshot”  of  a  one-time  logic  event  for 
subsequent  analysis.  In  some  cases, 
the  scope  is  a  necessity,  as  only  a  scope 
can  display  the  detailed  waveform  infor¬ 
mation  that  can  give  the  user  an  insight 
by  an  intuitive  process  where  a  wave¬ 
form  “just  doesn’t  look  right”.  A  good 
scope  can  also  show  up  fast  transient 
“glitches”  that,  although  they  disturb  cir¬ 
cuit  operation,  may  not  show  up  on  an 
analyzer.  However,  if  you  rely  strictly  on 
a  scope  for  analysis,  solving  many  sys¬ 
tem  problems  would  be  virtually  imposs¬ 
ible. 

The  low-cost  Logic  Analyzer  in  this 
article  will  add  a  form  of  storage  to  any 
oscilloscope,  perform  the  sixteen  8-bit 
data  word  freeze  as  previously  de¬ 
scribed,  and  provide  the  electronics  ex¬ 
perimenter  with  a  state-of-the-art  digital 
test  instrument  that  rivals  those  costing 
several  hundred  dollars  more.  In  use, 
you  simply  connect  the  three  analyzer 
outputs  to  the  horizontal,  vertical,  and 
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blanking  inputs  of  a  scope  and  connect 
the  eight  data-input  and  the  clock  and 
ground  probes  to  the.  circuit  being 
analyzed.  When  the  trigger  word  keyed 
in  via  control-panel  switches  appears, 
the  Analyzer  will  automatically  trigger, 
collect,  store,  and  display  16  sequential 
8-bit  words  in  either  octal  or  hex  format, 
as  shown  in  Fig.  1 .  The  analyzer  will  ac¬ 
cept  data  rates  as  high  as  8-million 
bytes/second. 

Another  front-pane!  control  allows  the 
user  to  select  either  “positive  time”  in 
which  the  selected  trigger  word  appears 
intensified  on  the  top  of  the  CRT  screen 
with  the  next  1 5  sequential  data  words 
below  it,  or  “negative  time”  in  which  the 
1 5  data  words  leading  up  to  the  trigger 
word  appear  first  with  the  brightened 
trigger  word  at  the  bottom  of  the  screen. 

One  other  control  provides  the  choice 
of  a  “snapshot”  that  catches  and  dis¬ 
plays  an  individual  1 6-word  table  for  as 
long  as  you  like  or  a  “moving  picture” 
display  in  which  the  data  for  each  table 
is  collected  and  automatically  displayed 
so  you  can  dynamically  observe  the  op¬ 
eration  of  the  circuit.  The  specifications 
for  the  logic  analyzer  are  shown  in  the 
box. 

Circuit  Operation.  Operation  of  the 
analyzer  can  best  be  understood  by  ref¬ 


Fig.  1.  Trigger  word  is  intensified  at  top  of  hex  display  (A)  with 
the  15  following  data  words.  In  octal  display  (B),  trigger  word 
is  at  bottom  with  the  15  data  words  leading  up  to  it 


erring  to  the  block  diagram  of  Fig.  2. 
(The  complete  schematic  diagram  is 
shown  in  sections  in  Figs.  3  through  7.) 
The  inputs  to  the  system  are  the  8-bit 
signals  (bit  0  through  bit  7),  the  system 
clock,  and  the  common  or  ground  bus  of 
the  digital  circuit  under  test.  The  data 
and  clock  inputs  are  buffered  by  IC1  and 
IC2.  The  eight  data  signals  are  latched 
by  IC4  and  IC5  before  loading  into  data 
memory  IC6  and  /C7.  This  16-word  data 
memory  is  the  "heart”  of  the  analyzer.  It 
stores  sequential  data  words  from  the 
digital  system  under  test. 


The  buffered  clock  signal  is  fed  to  half 
of  IC2  that  can  be  set  to  operate  on 
either  the  negative  or  positive  edge,  de¬ 
pending  on  the  setting  of  S10.  This  sig¬ 
nal  is  applied  to  the  display  control  logic 
made  up  of  IC1 1  through  IC15.  The  oth¬ 
er  input  to  the  display  logic  is  from  com¬ 
parator  /C3.  This  circuit  uses  SI  through 
S8  to  set  up  the  desired  trigger  word, 
with  the  switches  set  to  either  1 , 0,  or  X 
as  required.  (The  X  is  a  “don’t  care” 
state.)  When  the  comparator  receives 
the  input  data  word  that  matches  its 
switches,  a  signal  is  passed  to  the  dis¬ 
play  control  logic.  When  S1 1  is  set  to  the 
pos  time  position,  for  example,  data  col¬ 
lection  begins  when  the  comparator  de¬ 
tects  the  trigger  word.  After  16  clock 
pulses,  data  collection  stops  so  that  the 
memory  contains  the  trigger  word  fol¬ 
lowed  by  the  next  1 5  data  words.  In  the 
neg  time  position  of  S11,  the  memory 
stores  data  continuously  until  the  trigger 
word  occurs.  When  this  happens,  data 
collection  is  halted,  leaving  the  memory 
with  the  15  data  words  leading  up  to  the 
trigger,  plus  the  trigger  word  itself. 

During  the  data  collection  period,  the 
display  control  logic  sends  a  signal  to 
the  blanking  logic  system  made  up  of 
IC22  through  \C24 ,  01,  and  Q2  to  inhib¬ 
it  the  display.  At  the  end  of  this  period, 
the  blanking  signal  is  removed  and  a  bit- 
by-bit  scan  of  the  memory  contents  is 
initiated.  Scanning  is  accomplished  by 
data  multiplexer  /Cl 6,  which  is  con¬ 
trolled  by  three  of  the  eight  output  bits  of 
horizontal  control  ROM  IC19 .  Thus, 
even  though  the  data  memory  provides 
a  full  8-bit  wide  data  word  to  the  input  of 
the  multiplexer,  only  one  bit  at  a  time  is 
sent  to  the  1-0  character  generator 
made  up  of  half  of  IC20 ,  and  Q3. 

The  character  generator  uses  this  in¬ 
formation  and  the  CRT  beam  positioning 
signals  from  the  IC20  horizontal  D/A  (di- 
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Fig.  2.  Block  diagram  of  analyzer  shows  basic  signal  routing. 


^ C  /I  (£voit  efectrolytic  capacitor 

I  G2— 220-piF,  50-volt  electroiy ticcapacitor 
C3---10^fiFTi0-voItelectrolyticcapacitor 
^C4tG5^15P:-pF,  10%  disc  capacitor 
Cd—  15-pF,  10%  disc  Capacitor 

disc  capacitor 

‘  (?11^300-pF,  10%  disc  capacitor 
v  C 1 2^>1  iO-pFf  10%  disc  capacitor 

D 1  ,D2,D3 — 1 N40Q2  or  similar  recti^er  diode 

input  hex 

\  IS-V  input  only)  t 

,  i^3r-74SI  5  opemcolleetor  output  triple  three-, 
input.  AND  gate 

|:^iG4,ld^IC9— 74LS175  quad  latch 
:  ^C^fc^7489  RAM  (16X4) 

■ ;  c:i'  : *.*&zu±* 

r;-; 


|!i!Grr;i(J^^2--7400  quad  two-input 
fe  NA^D.gate  '  .  ...  ■■A, . 

?%1jC1i3',I<2l 4,lC][8r— 74LS73  dual  JK  „flip-0qp 


fm: 


dual^K  flip-flop  (do  not  substi- 

^6— 74)bS151;^o^l  multiplexer 
w70decade  counter 


||yYeite^:v 


•KStvolt  regulator 
4 ;JJh  J4^UC3-h525  BNCconnector 


PART$MST 

LED  1  -Light-emitting  diode  (any  color) 

Q 1  .Q3—-2N3904  silicon  transistor 
Q2—2N3905  silicon  transistor  ■  0  V > 

The  following  resistors  Vi  watt ,  5%: 

R1  through  R2744700  ohms 
R28 — 3300  ohms  ’  % 

R29j^470  ohms 
R30 — lOOOohrite 
R31,R32,R33— 8200  ohms 
R34,R35,R36---2700  ohms 
R37-+-180G  ohms 
R38— 2000  ohms 
R39,R40 — 33,000  ohms 
R41  ;M2^5fe<teiohihs 
R43,R44,R45 — 22*000  ohms 
R46,R47 — 24,000  ohms 
R48,R49~-l  30i0Q0  ohms 
R51.R52— 180  ohms  ■ 

R53— 47,000  ohms 

R54,R55 — -LI  ,000 ohms 

The  following  resistors  V&-watt,  2%  tolerance: 

R56— 4700 ohms 

R57 — 2400  ohms 

R58— 5100  ohms 

R59— 2700  ohms 

R50— 5000-ohm  trimmer  potentiometer 

(Spectrol  43p502  or  similar)  ^ 

,  SI  through  S8f-dbublp-poie  3-ppsit{on  pCK 
•  ■  mounted  switch  '  ‘  r  ' 

S9  through  S 1 2— dpdt  pc-mounted  switch 
SI  3— momentary-action  dpst  pc-moOpted  • 
switch  -  !<*%?.  v* .  •  ,:■£  v  •"  ;  r 

S14 — spst  switch  (panel  mount)  >  ^  * 

T1 — dual-winding  power  transformer  with  16- 
volt CT  and  22- volt  winding 


Misc.— Line  cord,  strain  relief,  mounting 
hardware,  3  feet  of  Spectra-Strip  multicol¬ 
ored  flat  ribbon  cable  (26  gauge),  16-pin 
DIP  socket,  16-pin  flat  ribbon  DIP  plug, 
heat  sink  for  voltage  regulator,  hookup 
wire,  solder,  suitable  case  and  mounting 
brackets ,  probe  tip  connectors,  etc l  ^ 

Note:  The  following  items  are  available  froth 
Paratronics ,  Inc.,  Dept.  100,  Los  Gatos, 
CA  95030:  Complete  kit  of  parts,  Nq.  LAX 
1 00K1T,  wi th  tested  IC* s ,  power  supply  ,  pc 
board,  case,  and  manual  for  $189.00.  For 
separate  parts:  drilled  double-sided  printed 
circuit  board ,  No.  LA-100  PC,  $29 . 95;  pro¬ 
grammed  horizontal  control  ROM,  No.  LA- 
100ROM,  $15.95;  power  supply,  Nq. 
LA- 100PS,  $39.95;  complete  set  of 
switches,  connectors,  hardware  and  data 
probes.  No.  LA-1O0HW,  $39.95;  Case, 
No.  LA-  100CASE,  $39.95,  Comprehensive 
applications  and  assembly  manual,  L A- 
100MAN  $4.95.  Please  add  5%  to  above 
items  for  shipping  and  handling  within 
U.S.,  10%  outside  theU.S.  California  resi¬ 
dents,  add  6%  sales  tax.  ■  ' 

Free  copies  of  etching  and  drilling  guides  for 
the  pc  board,  componeiits-placement  dia¬ 
gram,  and  horizontal  control  PROM  pro¬ 
gramming  information  are  available  on  re¬ 
quest  by  sending  a  self-addressed  stamped 
9"  x  12"  envelope  with  260  postage  to: 
Popular  Electronics,  Dept.  LA,  One 
Park  Ave.,  New  York  NY  10016. 


gital/analog)  and  the  IC20-IC21  vertical 
D/A  circuits  to  write  a  1  or  0  at  the  pro¬ 
per  location  on  the  CRT  screen. 

The  horizontal  D/A  circuit  receives  its 
4-bit  data  word  from  the  horizontal  con- 
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trol  ROM,  which  receives  its  address 
data  from  the  horizontal  counter  made 
up  of  IC17  and  IC18.  It  is  the  increment¬ 
ing  of  the  horizontal  counter  that  causes 
the  beam  to  move  from  right  to  left 


across  the  face  of  the  CRT  as  the  data 
word  is  written. 

When  the  last  bit  is  displayed,  hori¬ 
zontal  counter  IC17-IC18  “rolls  over”  to 
0  and  sends  the  increment  signal  to  the 
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data  word  logic  IC8  through  IC1 1.  This 
causes  the  address  of  the  data  memory 
to  advance  to  the  next  word  location  and 
simultaneously  sends  a  command  to  the 
vertical  D/A  converter  that  causes  the 
CRT  beam  to  move  down  one  row  in 
preparation  for  display  of  the  next  word. 
This  process  continues  until  all  sixteen 
of  the  words  of  interest  have  been  writ¬ 
ten  on  the  CRT  screen. 

If  S12  is  set  to  the  single  mode,  the 
display  control  logic  prevents  the  data 
memory  from  collecting  new  input  data 
so  that  the  same  information  is  written 
on  the  CRT  screen.  The  writing  speed  is 
fast  enough  so  that  a  flicker-free  “snap¬ 
shot”  of  the  memory  contents  is  dis¬ 


played.  This  snapshot  will  remain  on  the 
screen  until  the  reset  switch  SI 3  is  op¬ 
erated,  at  which  time  the  trigger  led 
comes  on  and  the  analyzer  is  armed  to 
“capture”  another  16-word  data  set. 
When  S12  is  in  the  repeat  mode,  the 
display  control  logic  provides  an  auto¬ 
matic  reset  signal  after  the  display  of 
each  1 6-word  truth  table. 

Blanking  between  bits  is  provided  by 
the  remaining  bit  of  the  horizontal  con¬ 
trol  ROM.  This  ROM  performs  three 
separate  functions:  control  of  the  data 
multiplexer,  control  of  the  horizontal  D/ A 
converter,  and  blanking  control.  This 
use  of  a  ROM  as  a  controller  is  called 
“microprogramming,”  an  efficient  design 


technique  used  in  a  number  of  high-level 
computers.  An  “intensify”  command 
from  the  data-word  logic  permits  the  trig¬ 
ger  word  to  appear  brighter  than  the  oth¬ 
er  data  words  on  the  CRT  screen. 

The  trigger  pulse  generated  by  com¬ 
parator  IC3  occurs  each  time  the  trigger 
word  appears.  The  resultant  output 
pulse  can  be  connected  to  the  sync  in¬ 
put  of  an  oscilloscope  anytime  it  is  nec¬ 
essary  to  “look”  at  a  specific  signal  in 
the  circuit  under  test.  This  important  fea¬ 
ture  is  useful  for  troubleshooting  equip¬ 
ment  for  glitches,  timing,  or  intermittent 
problems  that  occur  only  during  particu¬ 
lar  logic  states. 
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Fig.  3.  Input  buffers ,  trigger  detector ,  memory,  and  data  multiplexer 
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trude  through  its  hole  on  the  top  of  the 
case,  mount  LED1.  Install  the  16-pin 
DIP  socket  for  the  flat  ribbon  probe  ca¬ 
ble.  This  completes  the  assembly  of  the 
board. 

Mount  the  BNC  scope  connectors  and 
on-off  switch  SI 4  on  the  front  of  the 
case.  Then  drill  a  hole  so  that  the  blank¬ 
ing  amplitude  potentiometer  mounted  on 
the  pc  board  can  be  adjusted  from  out¬ 
side  the  case.  The  top  of  the  case 
should  be  punched  to  accept  the  13 
switches  and  the  LED  indicator.  Make 
sure  that  all  switches  can  be  moved  into 
all  their  positions.  Then  put  a  slot  in  the 
front  apron  to  accommodate  the  flat  rib¬ 
bon  cable. 

Mount  the  transformer  wherever  con¬ 
venient  at  the  rear  of  the  case.  Bring  the 
three-wire  ac  line  cord  into  the  case 
through  a  strain-relief. 

The  input  probe  cable  is  made  up  of  a 
3'  (about  1-m)  length  of  10-conductor, 
flat-ribbon  cable.  The  last  conductor  in 
the  cable  is  coded  black  for  ground. 
Connect, the  ribbon  cable  to  the  16-pin 
DIP  plug  with  the  black  cable  (ground) 
mating  with  pin  1 6.  The  other  conduc- 


Fig.  4.  Vertical  control  and  blanking. 


Construction.  Because  of  the  com¬ 
plexity  of  the  circuit,  and  the  critical 
placement  of  certain  components,  such 
as  the  1  -0  character  generator,  a  high- 
quality,  two-sided  pc  board  with  plated- 
through  holes  is  highly  recommended 
for  this  project.  (See  Note  in  Parts  List 
for  source  from  which  etching  and  drill¬ 
ing  guide,  component  layout  diagram, 
and  programming  information  for  the  ho¬ 
rizontal  control  ROM  can  be  obtained). 

Both  sides  of  the  pc  board  contain 
components.  Start  assembly  by  install¬ 
ing  the  optional  sockets  for  all  the  IC’s 
on  the  side  of  the  board  labelled  ic  side. 
Then  mount  all  resistors,  capacitors, 
and  diodes,  making  sure  that  polarity- 
sensitive  devices  are  correctly  oriented. 

Mount  voltage  regulator  IC25  in  place, 
using  silicone  grease,  or  a  thermally 
conductive  gasket  between  its  case  and 
the  board.  A  suitable  heat  sink  should  be 
used  if  the  board  is  to  be  mounted  inside 
a  case.  The  case  provided  with  the  kit 
comes  with  a  heat  sink.  Install  the 
IC’s,  transistors,  and  blanking  control 
R50.  The  IC  side  of  the  board  should 
look  like  the  assembled  board  shown  in 
Fig.  8  when  you  are  finished. 

Turn  the  board  over  to  the  switch 
side  and  mount  the  13  control  switches. 
Then,  making  sure  that  its  base  is  high 
enough  off  the  board  so  that  it  can  pro- 
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Fig.  6.  Horizontal  logic  and  mode  control  logic. 


tors  can  go. to  the  plug  pins  in  a  color¬ 
coding  scheme. 

At  the  free  end  of  the  ribbon  cable, 
separate  the  10  leads  at  least  4"  (10.2 
cm)  and  attach  universal  pin  connectors. 
This  type  of  connector  will  mate  with 
conventional  1C  clips  and  wrapped-wire 
pins.  If  desired,  ball  clips  or  EZ  hooks 
can  be  substituted.  Plug  the  probe  as¬ 
sembly  connector  into  its  socket  on  the 
pc  board  and  pass  the  cable  out  of  the 
case  through  its  slot  on  the  front  apron 
and  assemble  the  case. 

Checkout.  Plug  the  line  cord  into  an 
ac  outlet  and  turn  on  the  power.  Verify 
the  output  of  the  5-volt  power  supply  at 
TP1  using  a  voltmeter.  With  an  oscillo¬ 
scope,  check  for  the  presence  of  an 
approximately  20-kHz  clock  at  TP3. 

Activate  the  blanking  output  at  W7  by 
placing  the  eight  trigger  switches  to  the 
“X”  (center)  position,  selecting  the  sin¬ 
gle  mode,  depressing  the  reset  push¬ 
button  to  activate  Ihe  front-panel  LED, 
and  flipping  the  clock  polarity  switch 
(S10)  one  or  more  times.  This  last  step 
generates  switch  contact  bounce  that  si¬ 
mulates  an  incoming  clock  pulse  train. 
When  the  LED  goes  off,  the  blanking 


signal  will  appear  at  board  pad  W7. 

Using  the  oscilloscope,  measure  the 
peak  amplitude  of  the  blanking  pulse. 
This  pulse  can  be  adjusted  up  to  approx¬ 
imately  30  volts  by  adjusting  R50.  Do 
not  exceed  the  manufacturer-specified 
blanking  requirements  for  your  scope. 

Set  the  scope  vertical  attenuator  to 
approximately  0.5-volt/cm  and  check 
the  D/A  signals  at  W5  (horiz)  and  W6 
(vert).  The  waveforms  should  appear  as 
“descending  staircase”  waveforms,  with 
the  W5  signal  much  higher  in  frequency. 

Using  the  scope  in  the  XY  mode,  con¬ 
nect  the  horizontal,  vertical,  and  blank¬ 
ing  outputs  of  the  analyzer  to  the  appro¬ 
priate  scope  connectors.  To  assure  a 
clean  display,  it  is  suggested  that  you 


use  coaxial  cables  for  the  interconnec¬ 
tions  between  the  analyzer  and  scope. 

Place  the  scope  horizontal  and  verti¬ 
cal  amplifiers  to  approximately  0.5-volt/ 
cm.  With  the  analyzer  input  probes  un¬ 
connected,  and  the  trigger  switches  still 
set  to  the  “X”  (center)  position,  depress 
the  reset  pushbutton  to  illuminate  the 
LED.  When  the  clock  polarity  switch 
(S10)  is  flipped,  a  truth  table 
should  appear  on  the  CRT.  Adjust  the 
scope  controls  until  the  display  is  cen¬ 
tered  on  screen  and  fills  most  of  it. 

Adjust  the  focus  and  intensity  controls 
to  obtain  a  clear  well-defined  display. 

One  interesting  feature  of  the  Logic 
Analyzer  is  that  it  can  be  used  to  ob¬ 
serve  and  learn  its  internal  operation. 


Fig.  7 ,  Power  supply  is  5  volts,  regulated. 
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For  example,  to  see  how  the  4-bit  ad¬ 
dress  of  the  data  memory  sequentially 
changes  during  data  collection,  connect 
the  first  four  data  probes  (bit  0  through 
bit  3)  to  pins  14, 13, 12,  and  11  respec¬ 
tively,  of  IC8.  The  remaining  four  probes 
should  remain  unconnected.  Connect 
the  input  clock  probe  to  IC2  pin  1 0  (or 
TP3)  and  set  the  analyzer  controls  to 
hex,  repeat,  neg  time,  and  the  clock- 
polarity  switch  to  the  falling  edge  posi¬ 
tion.  Set  the  first  four  trigger  switches 
(SI  through  S4)  to  1 1 1 1  and  the  last  four 
to  X.  The  selected  trigger  word  should 
appear  intensified  at  the  bottom  of  the 
table,  with  the  15  prior  binary  address 
words  listed  in  sequence  above  it. 


LOGIC  ANALYZER  SPECIFICA¬ 
TIONS 

Trigger  Word:  0  to  8  bits  wide;  selected  by 
eight  3-position  switches;  choose  0, 1 ,  or 
X  (don’t  care). 

Display  Format:  Sixteen  sequential  8-bit 
words  arranged  in  an  octal  or  hexadeci¬ 
mal  truth  table. 

Positive  Time  Display:  Trigger  word  in¬ 
tensified  at  top  of  truth  table  with  next  15 
data  words  listed  below .  * 

Negative  Time  Display:  Trigger  word  in¬ 
tensified  at  bottom  of  truth  table  with  pri¬ 
or  1 5  data  words  listed  above. 

Single  Mode:  Continuous  display  of  one 
1 6-word  truth-table  until  reset  button  is 
activated. 

Repeat  Mode:  Display  of  sequential  16- 
word  truth  tables. 

Maximum  Input  Data  Rate:  8  million 
bytes/second. 

Input  Clock:  Provides  timing  reference  for 
input  data;  selectable  positive  or  nega¬ 
tive  clock  edge. 

T rigger  indicator:  LED  on  front  panel  indi¬ 
cates  when  trigger  word  has  occurred. 

Trigger  Output:  Auxiliary  scope  sync 
pulse;  generated  when  trigger  word  oc¬ 
curs. 

Input  Probes:  Constructed  of  color-coded 
flat-ribbon  cable  terminated  in  universal 
pin  connectors. 

Input  Load:  Inputs  are  buffered  for  mini¬ 
mal  loading  and  have  hysteresis  for 
noise  rejection. 

Power  Supply:  +5  volts  at  700  mA,  +30 
volts  at  25  mA. 

Logic  Family  Compatibility:  TTL,  DTL, 
RTL,  MOS,  CMOS,  to  15-volt  logic  swing. 


Fig.  8.  Completed  board  and  connector 
panel  ready  for  assembly. 


Continue  to  familiarize  yourself  with 
the  operation  of  the  analyzer  by  trigger¬ 
ing  from  different  address  locations  and 
changing  the  settings  of  the  display  con¬ 
trol  switches.  The  probes  can  be  moved 
to  other  portions  of  the  circuit,  such  as 
the  horizontal  counter,  display-control 
logic,  and  the  data-word  logic. 

You  can  couple  the  first  four  probes  to 
the  counter  (7490  or  similar)  in  any  digi¬ 
tal  counter  circuit  to  examine  the  opera¬ 
tion  of  that  circuit.  In  fact,  the  right  side 
of  the  hex  portion  of  the  display  in  Fig.  1 
shows  the  output  of  a  “good”  4-bit  coun¬ 
ter  while  the  left  side  shows  the  output  of 
a  counter  whose  MSB  (most  significant 
bit)  is  stuck  at  0.  Using  this  technique, 
you  can  follow  the  signals  through  al¬ 
most  any  digital  circuit  and  be  able  to 
“snapshot”  any  block  of  pulses  so  that 
they  can  be  examined  for  faulty  pulses. 

The  analyzer  shows  its  flexibility  when 


used  to  check  a  computer  or  program. 
The  octal  portion  of  Fig.  1  shows  the 
steps  of  a  typical  8080  ADD  and  STORE 
program  leading  up  to  a  branch  instruc¬ 
tion.  The  trigger  word  00  000  001  is  the 
branch  address  and  is  intensified  at  the 
bottom  of  the  display. 

In  Closing.  The  Logic  Analyzer  we 
have  described  can  be  used  for  all  types 
of  testing  and  troubleshooting  of  digital 
circuits  and  systems.  However,  its  true 
flexibility  is  revealed  when  the  instru¬ 
ment  is  used  for  testing  and  trouble¬ 
shooting  digital-computer  and  other 
time-dependent  circuits  and  systems. 
What  makes  our  Logic  Analyzer  particu¬ 
larly  attractive  is  its  relatively  low  price. 
Used  as  an  accessory  to  an  existing  os¬ 
cilloscope  and  built  from  scratch,  it  costs 
only  a  fraction  of  commercially  made 
logic  analyzers  on  the  market.  O 
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AS  WE  WILL  learn  from  the  two  very 
useful  circuit  applications  described 
here,  the  operational  amplifier  (or  op 
amp)  can  be  used  in  strikingly  different 
ways, 

In-Circuit  Current  Testing.  Since 
an  op  amp  is  basically  a  differential  am¬ 
plifier,  it  can  be  used  in  a  unique  meter¬ 
ing  circuit  to  determine  the  presence  of 
current  flow  in  a  conductor— -and 
approximately  the  amount  of  cur¬ 


rent— whether  or  not  the  conductor  is  a 
copper  wire  or  a  pc  foil  trace.  This  can 
be  done  without  breaking  the  conductor. 

Such  a  metering  device  can  come  in 
handy  if  you  have  a  crowded  pc  board 
and  you  suspect  one  of  the  active  ele¬ 
ments  (transistor,  diode,  or  1C)  is  not 
working,  instead  of  risking  pc  board 
damage  due  to  the  heat  required  to  re¬ 
move  the  suspect  semiconductor,  or 
having  to  cut  a  trace  to  insert  a  meter,  all 
you  have  to  do  is  press  a  couple  of 


sharp  probe  tips  to  the  copper  trace  at 
(for  example)  the  supply  bus,  and  see  if 
that  particular  element  is  drawing  cur¬ 
rent,  and  if  the  magnitude  of  the  current 
is  within  specifications. 

The  circuit  for  the  current  tester  is 
shown  in  Fig.  1  in  two  forms — depend¬ 
ing  on  whether  you  want  to  use  a  low- 
level  (1-volt)  dc  voltmeter  or  a  current 
meter  as  the  readout. 

Operation  is  based  on  the  fact  that  at 
room  temperatures,  all  conductors  have 


Fig.  1.  Op  amp  in  (A)  measures 
slight  voltage  differential 
between  two  probes ,  amplifies 
it,  and  drives  dc  voltmeter . 
Addition  of  another  op  amp 
in  (B)  permits  driving  ammeter . 


(B) 


#  PUT  THE  “IGNITION  OF  THE  FUTURE" 
ON  YOUR  CAR  TODAY! 

MODERNIZE  and  Bring  Your  Car  ** UP-TO-DATE ” 
with  the  MOST  EFFICIENT  Ignition  ever  invented! 


*  End  "Tune-Up”  Problems  FOREVER 

caused  by  Points  and  Condensor 


ALLISON  Rated  #1  by  Official  Testing  Laboratory 
as  the  BEST  “Fuel  Saving"  IgrtilFQft  System 
of  ALL  the  Different  Ignition  Systems  Tested! 


♦  The  "XR-700”  is  a  COMPLETELY  NEW  Ignition  System 
employing  the  Most  Advanced  Technology,  that  replaces  the 
inefficient  Points  and  Condensor  with  an  infrared  Light  Beam 
to  Trigger  the  Latest  type  of  Solid-State  Power  Components. 
Once  installed. .  ."XR-700"  has  NO  moving  Parts  to  wear  out 
or  adjust.  It  works  without  Friction  or  wear.  Not  affected  by 
Oirt,  Oil,  Moisture,  Vibration  or  extreme  Engine  Temperatures! 
RUGGEO  and  RELIABLE! 

#The  "XR-700"  is  engineered  to  OUTLAST  YOUR  CAR! 

The  "XR-700"  produces  the  MAXIMUM  "High  Energy" 
Long  Duration  Spark. .  .from  your  present  car's  ignition  Coil. 
This  permits  the  Positive  Firing  of  Spark  Plugs,  even  under  the 
most  Adverse  conditions.  Also,  Eliminates  "Engine  Misfire," 
resulting  in  more  COMPLETE  COMBUSTION!  Thus  you  get 
IMPROVEO  Fuel  Mileage,  a  HIGHER  Performance  Level. . . 
keeps  Plugs  FROM  FOULING  and  gives  LONGER  Plug  Life! 


! 


Customers  Report: 

^  “IT  MORE  THAN  PAYS  FOR  ITSELF! 

"if  INCREASES  Gas  Mileage  up  to  30%! 
SAVES  Money  on  Costly  “Tune-Ups"! 

Gives  Continuous  PEAK  Performance! 
QUICKER  Starting  in  Any  Weather! 
Smoother  Running... Faster  Acceleration! 
Plugs  Last  Up  to  4-Times  LONGER!" 

Reliability  PROVEN  in  Millions  of  Customer  Miles  to  be  so 
exceptionally  GOOO. .  .that  every  "XR-700"  has  a  LIFETIME 
WARRANTY!  FREE  Repair  or  Replacement  for  as  long  as 
you  OWN  the  Unit!. .  and  even  if  you  CHANGE  Cars,  Allison 
will  supply  you  the  necessary  PARTS  to  fit  ANY  Point  Type 
Distributor. .  .FREE!  (Include  S2  for  Postage  &  Handling}. 

FITS  ALL  CARS,  Domestic  &  Foreign.  4,  6  or  B-Cylinder7| 

★  DO-IT-YOURSELF... EASY  INSTALLATION! 

The  New  "XR'700"  is  Completely  Factory  Assembled . . . 
Thoroughly  TESTED!  New  Precision  "Drop-in'’  Mounting 
Bracket,  with  color-coded,  "Snap-Together"  wire  connections 

No  Distributor  Removal  necessary  Protected  against  Incorrect  H^k 


Thousands  sold  at  $59.95  •  ONLY 


NOW!  Allison’s  Production 
Technology  offers  you  the 
same  Premium  Quality  XR-700 
at  this  SPECIAL  LOW  Price... 
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same  rremium  uuauty  Arwuu  COMPLETE 
at  this  SPECIAL  LOW  Price . . .  add  t«) 

THAT'S  EVERYTHING  .  INCLUDING  POSTAGE  &  INSURANCE 


★  OROER  WITH  CONFIDENCE. . . 
install  the  "XR-700",  and  prove  to  your  own  SATISFACTION 
that  it  is  as  advertised,  or  return  it  within  30  days  for  a  FULL 
Refund  of  the  Purchase  Price 


#  SAVE!  OROER  FACTORY  DIRECT. 

Send  Check  or  M.O.,  State  Car  Make,  Year,  No.  Cylinders 


*  MASTER  CHARGE  or  BANKAMERICARO  Card  Holders: 
OROER  by  TOLL-FREE  PHONE.  (800)  423-6525,  Ext.  2 
or  Send  us  (1)  Your  Number,  (2)  Interbank  No.,  (3)  Exp.  Oate. 


A  SEND  for  FREE  BROCHURE 

' ana  Camparaan  Sheet. 


"CB”  USERS:  The  MJLH  7HT  ciipIMri.  ELIMINATES 
ihj  Maim  (juu  of  Fim»inr  T  iP'im-  HfibeI  Interference. 


If  you  have  already  installed  a  "Capacitive  Discharge"  Ignition 
fit  Convert  your  "C-O"  Unit  to  BREAKER  LESS! 
INCREASE  ITS  EFFICIENCY  with  "XR-CD". .  .only  S29.95 


•$>  America's  Oldest  and  Largest  Manufacturer 
of  Opto-Electronic  Ignition  Systems.  « i- 


i_5  p* *  RLLISON  AUTOMOTIVE  CO. 

1267 -P0,  East  EDNA  PL.,  COVINA,  CAL.  91722 


4Q  CIRCLE  NO.  8  ON  FREE  INFORMATION  CARO 


Fig .  2.  Phototransistor  and  op  amp  unite  to  form  light-sensitive 
relay  driver  that  can  be  activated  by  a  flashlight  across  the  room. 


some  resistance  (albeit  small)  and, 
when  current  flows  through  the  conduc¬ 
tor,  there  is  a  slight  voltage  drop  be¬ 
tween  any  two  points  along  the  conduc¬ 
tor.  Typically,  such  voltage  drops  are  in 
the  microvolt  range;  but  with  a  voltage 
amplifier  having  a  gain  of  1000  or  more, 
the  minute  voltage  can  be  brought  up  to 
a  reasonably  measurable  value. 

The  basic  circuit  shown  in  Fig.  1A 
uses  an  8-pin  mini  DIP  741  with  a  dc 
voltmeter.  This  circuit  takes  advantage 
of  the  high  common-mode  rejection  ratio 
(CMRR)  of  the  op  amp  to  reject  any 
noise  pickup  voltages  that  are  common 
to  both  input  terminals.  To  keep  the  val¬ 
ue  of  feedback  resistor  R6  to  a  reason¬ 
able  value,  the  output  of  the  op  amp  (pin 
6)  drives  the  combination  of  R4  and  R5 
with  the  feedback  taken  from  the  junc¬ 
tion  of  these  two  resistors.  This  voltage 
divider  action  in  the  feedback  voltage 
multiplies  the  conventional  gain  (1  + 
R6/R1)  by  the  voltage  divider  ratio  (R4 
+  R5)/R5  to  produce  a  theoretical  volt¬ 
age  gain  of  approximately  1400  times 
5.5  or  7700. 

Since  any  residual  offset  voltage  gen¬ 
erated  within  the  op  amp  is  also  multi¬ 
plied  by  this  factor,  two  offset  (coarse 
and  fine)  potentiometers  (R7  and  R8) 
are  provided  to  trim  the  offset  close  to 
zero  with  the  input  probes  shorted. 

Figure  IB  uses  a  747  dual  op  amp 
package  to  drive  a  100-p.A  meter  that  is 
used  as  the  readout.  Two  diodes  are 
used  to  protect  the  meter  from  acciden¬ 
tal  overloads.  Operation  of  the  circuit  is 
otherwise  the  same  as  that  of  Fig.  1  A. 

In  experiments  with  these  circuits, 
probing  a  current-carrying  conductor 
produced  “ball-park”  figures  of  12  mV/ 
inch  or  12  jiA/inch,  for  each  milliampere 
of  current  flow.  In  general,  it  would  be 
too  much  to  expect  either  precision  or 
close  calibration  results  from  such  a 
general-purpose  circuit  as  opposed  to  a 
specialized  (and  expensive)  instrumen¬ 


tation  amplifier.  Nevertheless,  the  cir¬ 
cuits  of  Fig.  1  do  indicate  current  flow  in 
a  conductor  and  can  be  reasonably  cali¬ 
brated.  For  improved  stability,  a  premi¬ 
um  op  amp  such  as  Precision  Monolith- 
ics  OP2,  National  LF156,  etc.,  may  be 
used.  Where  currents  greater  than 
approximately  1.5-mA  are  concerned, 
the  sensitivity  of  the  circuit  can  be  re¬ 
duced  by  lowering  the  value  of  feedback 
resistor  R6. 

Photo  Switch.  The  circuit  shown  in 
Fig.  2  illustrates  how  an  op  amp,  in  con¬ 
junction  with  a  phototransistor  and  relay, 
can  be  used  to  activate  a  relay  with  a 
conventional  flashlight  used  as  the  re¬ 
mote  “transmitter.”  With  the  relay  con¬ 
nected  across  the  speaker  coil  leads, 
this  circuit  makes  an  excellent  “commer¬ 
cial  killer.”  The  op  amp’s  pinout  is  for  an 
8-pin  mini  DIP. 

The  phototransistor  is  connected  to 
the  op  amp  to  produce  an  inverter  am¬ 
plifier  gain  of  about  50.  For  most  "across 
the  room”  distances,  using  a. typical 
flashlight,  the  output  of  the  op  amp  will 
be  sufficient  to  energize  a  sensitive  re¬ 
lay.  (A  Sprague  401-A050-A05  requires 
about  6  mA  at  3  volts,  for  example.)  If 
any  other  type  of  relay  is  to  be  used, 
keep  in  mind  that  the  op  amp  can  deliver 
only  about  10  mA  at  best,  so  if  higher 
currents  are  required,  a  transistor  relay 
driver  must  be  used. 

Although  almost  any  type  of  sensitive 
phototransistor  can  be  used,  the  proto¬ 
type  involved  half  of  an  opto-isolator 
(LED  and  phototransistor  in  one  pack¬ 
age)  that  had  been  sawed  in  half.  In 
these  units,  the  phototransistor  sensitive 
area  is  protected  from  ambient  light  by  a 
built-in  IR  filter  so  that  the  quiescent  cur¬ 
rent  before  flashlight  illumination  is  prac¬ 
tically  negligible.  The  LED  power-on  in¬ 
dicator  requires  about  10  milliamperes 
for  operation  and  may  be  eliminated  if  it 
is  not  required.  O 
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ALTHOUGH  “beginner’s”  shortwave 
receivers  provide  an  inexpensive 
entry  to  a  fascinating  hobby,  they  do 
have  limitations.  A  major  one  is  poor  dial 
calibration,  which  makes  monitoring  and 
QSL  procedures  difficult. 

Fortunately,  external  circuitry  can 
compensate  for  this  limitation.  The  digi¬ 
tal  frequency  display  project  presented 
here  will  allow  the  user  to  determine  a 
transmitter’s  frequency  to  the  nearest  ki¬ 
lohertz  on  a  bright,  stable  LED  display.  It 
accepts  an  input  signal  from  the  receiv¬ 
er’s  local  oscillator,  converts  the  signal 
to  a  TTL-compatible  form  which  is  then 
counted.  Programmable  counters  are 
pre-loaded  to  compensate  for  the  re¬ 
ceiver  i-f,  thus  allowing  direct  readout  of 
the  received  frequency.  The  project  will 
work  with  most  single-  and  multiple-con¬ 
version  receivers  from  the  longwave 
broadcast  band  through  10  meters  (30 
MHz).  Total  project  cost  is  about  $110. 


BY  DAVID  L.  MATTIS 


els.  Ferrite  beads  LI  and  L2,  together 
with  disc  capacitor  C3 ,  are  used  for  r-f 
decoupling  on  the  + 5-volt  line. 

A  two-stage  Schmitt  trigger  composed 
of  NAND  gates  IC1A  and  IC1B  converts 
the  amplified  local  oscillator  signal  into  a 
square  wave,  which  is  then  gated  by 
IC1C.  The  gating  interval  (10  mil¬ 
liseconds)  is  provided  by  a  crystal  con¬ 
trolled  time  base  and  divide  chain.  A  4- 
MHz  square  wave  generated  by  IC19  is 
first  divided  by  4  by  the  flip-flops  in  IC2 . 
The  1-MHz  output  of  the  second  flip-flop 
is  further  divided  by  two  dual  decade 
counters  (IC3  and  IC4)  to  yield  a  100-Hz 
reference  signal.  The  second  decade 
counter  in  /C4  is  wired  as  a  bi-quinary 
counter  to  provide  a  symmetrical 
square-wave  output  signal.  This  counter 
also  supplies  three  control  signals  to 
ICS ,  which  generates  the  latch  and 
preset  control  pulses  at  the  end  of  each 
counting  (gate)  interval  which  govern 
the  counting  and  display  IC’s. 

For  a  10-ms  counting  interval,  a  50-Hz 
gating  signal  is  required.  It  is  obtained 
by  dividing  the  symmetrical  100-Hz  out¬ 
put  of  IC4  by  two.  This  is  performed  by 
IC6,  a  JK  flip-flop.  The  50-Hz  square 


About  the  Circuit.  The  schematic 
diagram  of  the  digital  frequency  readout 
is  shown  in  Fig.  1.  An  input  signal  from 
the  receiver’s  local  oscillator  is  coupled 
through  Cl  and  R1  and  applied  to  the 
gate  of  Q1,  an  n-channel  FET.  Diodes 
D1  and  D2  clip  signals  exceeding  +  or 
-0.7  volt,  protecting  the  FET  from 
excessive  signal  voltages.  The  output  of 
Q1,  developed  across  R3 ,  drives  emitter 
follower  Q2,  an  npn  bipolar  transistor. 
This  combination  results  in  a  two-stage 
amplifier  presenting  a  high  input  imped¬ 
ance  to  minimize  local  oscillator  loading 
and  a  low-impedance  output  at  TTL  lev- 
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Programmable  counters 
provide  direct 
display  of  received 
frequency  to  30  MHz. 
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Fig.  1.  Schematic  diagram.  For  simplicity,  only  one  decade  of  display  is  shovm. 
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Fig.  2.  Schematic 
diagram  of  the 
power  supply. 


wave  is  applied  to  both  ICS  and  to  one 
input  of  NAND  gate  IC1C.  When  the 
gate  signal  is  high  (for  10  ms),  1C  1C 
passes  an  inverted  version  of  the 
squared  local  oscillator  signal  to  coun¬ 
ters  IC8  through  1C  13.  During  the  10-ms 
“low”  period,  ICS  produces  the  latch 
and  preset  control  pulses. 

Even  though  the  counters  resolve  the 
local  oscillator  frequency  to  the  nearest 
0.1  kHz  during  the  10-ms  gate  interval, 
the  received  frequency  is  displayed  only 
to  the  nearest  kilohertz.  The  use  of  the 
undisplayed  0.1 -kHz  counter  (IC8)  elimi¬ 
nates  the  bothersome  “bobble”  in  the 
least  significant  digit  in  other  frequency 
readouts,  thus  providing  a  steady  fre¬ 
quency  display.  A  1-kHz  bobble  oc¬ 
curs  only  when  the  counter  is  at  the  bor¬ 
derline  between  two  frequencies — for 
example,  6.1649  and  6.1650  MHz. 

Counter  IC8  is  specified  as  a  74196 
programmable  counter  1C,  but  IC9 
through  IC13  are  specified  as  74176 
IC’s.  The  74196  is  used  to  insure  reli¬ 
able  performance  to  30  MHz.  However, 
a  hand-picked  741 76  which  can  function 
up  to  30  MHz  can  be  used  in  place  of  the 
costlier  74196.  The  preset  feature  of 
these  IC’s  permits  the  display  of  the  re¬ 


ceived  signal’s  frequency,  even  though 
the  counters  are  working  with  the  local 
oscillator  frequency,  which  is  actually 
higher  or  lower  by  the  intermediate  fre¬ 
quency  of  the  receiver.  Counters  IC9 
through  1C  13  can  be  pre-loaded  with 
any  value  determined  by  programming 
jumpers  or  switches  at  points  PSA 
through  PSD.  The  counters  are  loaded 
with  this  number  at  the  reception  of  the 
preset  pulse  prior  to  the  initiation  of  each 
counting  interval. 

At  the  end  of  every  tenth  counting  cy¬ 
cle,  a  latch  pulse  appears  at  the  output 
(pin  1 1 )  of  IC7.  It  is  then  differentiated  by 
C4,  R8,  and  R7  and  applied  to  latch/ 
decoders  IC14  through  IC18.  When  this 
happens,  the  binary  information  ac¬ 
cumulated  in  the  programmable  coun¬ 
ters  is  transferred,  stored,  and  decoded 
for  display  on  seven-segment  LED  read¬ 
outs  DIS1  through  DIS5 .  The  latch  pulse 
is  generated  by  ICS.  Although  preset 
pulses  are  produced  after  each  counting 
interval,  only  one  in  every  ten  counts  is 
transferred  to  the  9374  latch/decoders 
(IC14  through  IC18 ).  This  is  so  because 
IC7  divides  the  input  signal  from  IC5  to 
produce  a  latch  pulse  with  a  frequency 
of  10  Hz. 


As  a  result,  the  display  flickers  notice¬ 
ably  when  the  frequency  is  changing. 
Also,  blurring  and  readout  of  spurious 
eight’s — common  problems  with  seven- 
segment  displays — do  not  occur  during 
a  shift  in  frequency.  Rather,  the  10-Hz 
latch  rate  permits  the  display  to  track 
each  frequency  change  with  legible 
readout  values. 

The  project’s  power  supply  (Fig.  2)  is 


Fig.  3.  Photo  of  prototype. 


C1,C6,C7,C9— O.Ol-pJF,  1000-volt  disc  ce¬ 
ramic  capacitor 

C2,C5,C10 — 0.01-p.F,  disc  ceramic  capacitor 
C3.C4 — 0.001-p.F  disc  ceramic  capacitor 
C8 — 470-p.F,  25-volt  electolytic  capacitor 
Cl  1 — 6.8-p.F,  25-volt  tantalum  capacitor 
D1  ,D2 — 1N914  switching  diode 
D3  through  D7 — 1N4002  rectifier 
DIS1  through  DIS5— MAN-1  or  MAN-64 
common  anode  seven-segment  LED  display 
FI — 14-ampere,  250-volt,  3- AG  slow-blow 
fuse. 

IC1 ,109 — 7400  quad  2-input  NAND  gate 
IC2 — 7473  dual  JK  master-slave  flip-flop 
IC3,IC4 — 74390  dual  4-bit  decade  counter 
(Texas  Instruments) 

IC5 — 7442  BCD-to-decimal  decoder 
IC6 — 7472  JK  master-slave  flip-flop 
IC7 — 7490  decade  counter 
IC8 — 74196  45-MHz  presettable  decade  coun¬ 
ter  (see  text) 

IC9  through  IC 1 3 — 74 176  25-MHz  presettable 
decade  counter 


PARTS  LIST 

104  through  108— F9374PC  latch/7-seg- 
ment  decoder/driver  (Fairchild) 

IC20 — LM309K  5-volt  regulator 
LI, L2— Ferrite  bead  (W  x  W  or  3.2  x  3.2 
mm) 

Q  i  — MPF 1 02  n-channel  J  FET 
Q2 — 2N706  npn  transistor 
The  following  resistors  are  14-watt,  5%  toler¬ 
ance: 

R 1  ,R7 — 1000  ohms 
R2 — 5.6  megohms 
R3 — 4700  ohms 

R4,R5,R12  through  R29— 220  ohms 

R6 — 15,000  ohms 

R8 — 2200  ohms 

R9  through  R 1 1 — 470  ohms 

SI — SPST  miniature  toggle  switch 

PS1  through  PS3 — DIP  switches  (see  text) 

T1 — 12.6-volt,  1. 2-ampere  center-tapped 

transformer 

XTAL — 4-MHz,  0.0025%  tolerance  crystal 
Mi  sc. — Suitable  enclosure  (714"  x  614"  x 


IYa"  orl8.4x  15. 9x7  cm  suggested);  red 
Plexiglas  bezel  (5 14"  x  1"  or  13.3  x  2.5 
cm);  transistor  sockets;  IC  sockets  or  Molex 
Soldercons;  heat  sink  compound;  TOO  heat 
sink  (114"  or  3.2-cm  fins);  metal  spacers; 
machine  hardware;  line  cord;  coaxial  cable; 
rubber  grommets;  hookup  wire;  solder; 
fuseholder;  etc. 

Note:  The  following  are  available  from  Mattis 
Electronics,  Box  162,  Morton  Grove,  IL 
60053.  Set  of  three  etched,  drilled  and  plat¬ 
ed  pc  boards  (No.  SW-1),  $18.95;  4-MHz 
precision  crystal  (No.  SW-2),  $9.95;  Five 
F9374PC  latch/decoder/driver  IC's  (No. 
SW-3),  $15.95;  Kit  of  parts  including  three 
pc  boards,  crystal,  IC’s,  discrete  semicon¬ 
ductors  and  pc  board  components  (No. 
SW-4),  $74.95;  Complete  kit  of  parts  in¬ 
cluding  enclosure  and  power-supply  compo¬ 
nents  (No.  SW-5),  $109.95.  All  prices  in¬ 
clude  shipping  charges  within  the  USA.  Illi¬ 
nois  residents  add  5%  sales  tax. 
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If  you  want  success  in  electronics ...  if  you  want  the  skills  people 
are  glad  to  pay  for . . .  find  out  about  CIE  training. 

It’s  a  terrific  idea  that  can  get  you  on  your  way  to  success 
in  electronics  troubleshooting. 


Let's  face  it,  learning  valuable  new 
skills  isn't  something  you  just  breeze 
through.  Especially  in  a  modem 
technological  field  like  electronics 
troubleshooting.  You've  got  to  really 
want  success  if  you're  going  to  build 
your  skills  properly. 

But,  oh  boy,  the  rewards  when  you 
do!  In  today’s  world,  the  ones  who 
really  know  electronics  troubleshooting 
find  that  people . . .  even  industries . . . 
look  for  their  help. 

What  about  you?  How  much  do  you 
want  the  thrill  of  success . . .  of  being  in 
demand?  Enough  to  roll  up  your 
sleeves  and  work  for  it? 

Why  it  pays  to 
build  troubleshooting  skills . 

Suppose  the  automated  production 
controls  on  an  assembly  line  break 
down.  Imagine  how  much  money  the 
manufacturer  can  lose  when  help 
doesn’t  com c  fasti  And  it  takes  a 
skilled  electronics  troubleshooter  to 
move  in . . .  locate  the  problem . . .  solve 
it . . .  and  get  the  lines  moving  again. 

Or  take  a  TV  station.  Breakdowns 
are  costly  in  broadcasting  where  time  is 
money.  Viewers  won’t  sit  forever 
waiting  for  sound  or  the  picture  to  come 
back.  Before  they  change  channels,  the 
station  needs  to  get  back  on  the  air 
again  — with  the  help  of  a  skilled 
troubleshooter. 

No  question  about  it.  Building  new 
skills  in  electronics  troubleshooting  is 
an  investment  in  your  future.  It’s  well 
worth  the  effort. 

Why  you  should 
get  CEE  to  help  you  do  it . 

Troubleshooting  starts  with  ideas . . . 
principles.  CIE's  Auto- Programmed® 
Lessons  help  you  get  the  idea  — at  your 
own  most  comfortable  pace.  Step  by 
step  at  home,  you  explore  each  principle 
—each  theory  — until  you  understand  it 
thoroughly  and  completely.  Then  you 
start  to  use  it. 

How  CEE  helps 
you  turn  ideas  into  reality . 

If  you’re  a  beginner,  you  start  with 
CIE’s  Experimental  Electronics 
Laboratory.  You  actually  perform  over 
200  experiments  to  help  you  grasp  the 
basics.  Plus  you  use  a  3-in- 1  Precision 
Multimeter  to  get  your  first  taste  of  the 
testing,  checking,  analyzing  steps  you 
take  in  troubleshooting! 
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How  3  practical  steps  help  you 
build  troubleshooting  skills . 

You’ll  take  your  first  practical  step  in 
professional  troubleshooting  when  you 
build  your  own  5MHz  triggered-sweep, 
solid-state  oscilloscope. 

As  a  trained  troubleshooter,  you’ll 
use  your  oscilloscope  the  way  a  doctor 
uses  his  X-ray  machine.  As  a  student, 
you  learn  how  to  “read”  waveform 
patterns  on  a  big,  8cm.  x  10cm.  screen 
. . .  how  to  “lock  them  in”  for  closer 
study . . .  how  to  understand  and 
interpret  what  they  tell  you. 

Your  second  practical,  skill-building 
step  begins  when  you  get  your  Zenith 
1 9-inch  diagonal,  solid-state  color  TV 
—  featuring  nine  removable  modules! 
Now’s  your  chance  to  apply  the  new 
skills  you  learned  with  your 
oscilloscope! 

With  CIE’s  guidance,  you  perform 
actual  service  operations  —  the  kind 
you’d  handle  on  the  job  as  a  trained 
troubleshooter!  Using  the  TV,  you 
learn  to  trace  signal  flow . . .  detect  and 
locate  malfunctions . . .  restore  perfect 
operating  standards . .  .just  as  you 
would  with  any  sophisticated 
electronics  equipment. 


Finally,  step  three  rounds  out  your 
experience  as  you  work  with  a 
completely  solid-state  color  bar 
generator— actually  a  TV  signal 
transmitter  that  produces  ten  different 
display  patterns  on  your  TV  screen! 

You  study  a  gated  color  bar  rainbow 
. . .  crosshatch  lines ...  dot  patterns. 


You  explore  digital  logic  circuits . . . 
observe  the  action  of  a  crystal- 
controlled  oscillator! 

This  practical,  “hands  on”  training 
takes  concentration  and  effort.  But  it’s 
enjoyable  and  rewarding.  And  it’s  a 
great  way  to  prepare  for  a 
troubleshooting  career ! 


Why  it’s  important 
to  get  your  FCC  License . 

For  some  troubleshooting  jobs,  you 
must  have  your  FCC  License.  For 
others,  employers  often  consider  it  a 
mark  in  your  favor.  It’s  government- 
certified  proof  of  specific  knowledge 
and  skills! 

Almost  4  out  of  5  CIE  graduates  who 
take  the  exam  get  their  Licenses.  More 
than  half  of  CIE’s  courses  can  prepare 
you  for  it . . .  and  the  broadest  range  of 
career  opportunities ! 


Free  catalog! 

Mail  the  card.  If  it’s  gone,  cut  out  and 
mail  the  coupon.  If  you  prefer  to  write, 
mention  the  name  of  this  magazine. 
We’ll  send  you  a  copy  of  CIE’s  FREE 
school  catalog— plus  a  complete 
package  of  independent  home  study 
information!  For  your  convenience, 
we’ll  try  to  have  a  representative  call  to 
help  you  with  course  selection.  Mail 
the  card  or  coupon ...  or  write:  CIE, 
1776  East  17th  Street,  Cleveland, 

Ohio  44114. 
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IC20 


Fig .  5.  Parts  placement  guides 
for  main  (top),  display  (center), 
and  counter  (bottom)  pc  boards. 


a  combination  full-wave  and  bridge  rec¬ 
tifier  using  a  single  12.6-volt,  center- 
tapped  transformer.  Two  dc  outputs  are 
provided.  The  bridge  rectifier  ( D3 
through  D6)  delivers  pulsating  dc  to  C8 
which  acts  as  a  filter.  The  filtered  dc 
(+16  volts)  is  then  applied  to  IC20 ,  an 
LM309K  voltage  regulator,  which  is  pro¬ 
tected  against  transients  by  D7,  C9  and 
CIO.  A  well-regulated  4-5-volt  dc  output 
is  thus  provided  for  the  TTL  IC’s  and  the 
input  circuit. 

Another  4*5-volt  dc  source  is  derived 
from  the  center  tap  of  T1t  D3  and  D4. 
The  three  components  form  a  full-wave 
rectifier,  but  its  output  is  unfiltered  and 
unregulated.  This  output  is  used  to  pow¬ 
er  the  seven-segment  readouts  (DIS1 
through  DIS5).  The  unfiltered,  pulsating 
dc  has  a  ripple  frequency  of  120  Hz, 
which  is  great  enough  to  prevent  display 
flicker  and  results  in  a  display  brightness 
comparable  to  that  obtained  with  a 
steady  dc  source.  Removing  the  display 
current  demand  from  the  regulated  sup¬ 
ply  substantially  reduces  the  amount  of 
heat  generated  in  the  power  transformer 
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and  voltage  regulator  1C,  but  causes  no 
adverse  effects.  Display  segment  cur¬ 
rent  limiting  is  performed  internally  by 
the  9374  IC’s  which  also  contain  internal 
latch  memories.  No  external  current  li¬ 
miting  resistors  or  bistable  latch  IC’s  are 
required,  as  is  often  the  case  with  other 
decoder/driver  chips. 

Construction.  The  project  should  be 
assembled  using  printed  circuit  boards 
and  1C  sockets  or  Molex  Soldercons. 
Transistor  sockets  (standard  and  TO-3) 
are  also  recommended  for  Q1,  Q2>  and 
IC20.  The  author  used  three  pc  boards 
in  his  prototype  (Fig.  3).  The  boards  can 
be  interconnected  with  short  lengths  of 
No.  20  stranded  hookup  wire.  Suitable 
etching  and  drilling  guides  are  shown  in 
Figs.  4  and  5  (A,  B,  and  C)  for  the  Main, 
Display,  and  Counter  boards,  respec¬ 
tively.  Use  the  minimum  amount  of  heat 
necessary  for  good  solder  connections. 
Be  sure  to  observe  polarities  and  pin 
basings  of  discrete  semiconductors, 
IC’s,  and  electrolytic  capacitors. 

Figure  3  shows  how  the  boards  and 


power  supply  components  were  mount¬ 
ed  in  the  project  enclosure.  The  Counter 
and  Main  pc  boards  were  secured  to  the 
bottom  of  the  cabinet  using  %-inch  (1 .9 
cm)  threaded  metal  spacers,  while  the 
Display  board  was  mounted  behind  a 
bezel  on  the  front  of  the  case  using  Vi- 
inch  (1.3-cm)  threaded  metal  spacers. 
Voltage  regulator  IC20  must  be  properly 
heat  sinked  and  mounted  on  the  exterior 
of  the  enclosure’s  rear  panel.  Use  heat 
sink  compound  to  insure  proper  heat 
transfer,  and  be  sure  to  connect  a  length 
of  hookup  wire  between  the  regulator 
socket’s  center  ground  bus  and  the  Main 
pc  board’s  ground.  Also,  make  sure  that 
IC20’s  mounting  screws  are  in  firm  con¬ 
tact  with  the  IC’s  case  and  the  TO-3 
socket’s  ground  bus.  The  author  also 
recommends  grounding  the  power 
transformer’s  case. 

Because  TTL  IC’s  are  high-current 
switching  devices,  the  steep  edges  of 
their  output  waveforms  contain  large 
amounts  of  r-f  energy.  Unless  certain 
precautions  are  taken,  this  r-f  will  pro¬ 
duce  high  noise  levels  at  the  receiver 
output.  First,  a  metal  case  must  be 
used — but  it  must  also  be  perforated  or 
vented  to  allow  heat  to  dissipate.  Sec¬ 
ond,  both  the  project’s  and  receiver’s 
enclosures  must  be  tied  to  a  good  earth 
ground.  Third,  both  sides  of  the  ac  pow¬ 
er  line  must  be  bypassed  with  0.01 -fiF 
disc  ceramic  capacitors  (C6  and  C7). 

Checkout  and  Use.  A  typical  receiv¬ 
er’s  local  oscillator  is  shown  schemati¬ 
cally  in  Fig.  6.  Whether  the  receiver  uses 
a  FET,  tube,  or  transistor  oscillator,  the 
point  where  the  local  oscillator  signal 
must  be  tapped  off  is  the  same — at  the 
capacitor  coupling  the  output  of  the  os¬ 
cillator  to  the  mixer.  The  author  sug¬ 
gests  that  the  signal  be  sampled  on  the 
local  oscillator  side  of  the  coupling  capa¬ 
citor.  For  the  following  three  popular  SW 
receivers,  the  appropriate  points  are: 
Realistic  DX-160,  junction  of  Cl 2  and 
R32  (drain  of  08);  Lafayette  HA-600A, 
junction  of  C6  and  R21 ;  Heathkit  GR-78, 
junction  of  C308,  R203 ,  and  R204 . 
(Note:  if  you  are  using  a  tube-type  re¬ 
ceiver,  beware  of  high  voltage!)  The 
connection  should  be  made  with  small- 
diameter  coaxial  cable  such  as 
RG-58-U.  You  might  find  it  desirable  to 
mount  an  RCA  phono  jack  on  the  back 
of  receiver  and  bring  the  coax  from  the 
local  oscillator  output  to  this  point.  Then 
you  can  interconnect  the  display  and  re¬ 
ceiver  with  a  short  coaxial  jumper  ter¬ 
minated  with  an  RCA  phono  plug.  Alter¬ 
natively,  you  can  terminate  one  end  of 
the  jumper  with  small  alligator  clips,  as 
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TABLE A 

CONVERTING  DECIMAL  NUMBERS  TO  BCD 

Number 

BCD 

8 

4 

2 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 

TABLE  B 

COUNTER  BOARD  PROGRAMMING  ASSIGNMENTS 

Programming  section 

PS3 

PS2 

PS1 

Programming  input 

7654321 

7654321 

7654321 

number 

_ 

_ 

_ 

_ 

BCD  designation 

81-8241 

8241-82 

41-8241 

Actual  programming* 

1111001 

001 1 100 

1010010 

Counter  controlled 

IC13 

IC12 

IC11 

iCio  1 

IC9 

Frequency  displayed 

9 

9 

.5 

1 

4  MHz 

(receiver  off) 

*0=no  jumper  or  open  switch  (OFF), 

1  =jumper  or  closed  switch  (ON). 

was  done  with  the  prototype  (Fig.  3). 
The  clip  would  then  be  attached  to  the 
proper  tie  point  within  the  receiver. 

The  counters  will  be  programmed  with 
DIP  switches  (seven  spst  switches 
mounted  in  a  DIP)  or  with  wire  jumpers 
on  the  counter  board.  If  you  are  using 
DIP  switches,  make  sure  that  all 
switches  are  in  the  off  position.  If  wire 
jumpers  are  to  be  used,  do  not  install 
any  of  them  yet. 

Turn  the  power  switch  (SI)  on.  The 
display  should  read  0.000  with  the  sec¬ 
ond  zero  to  the  left  of  the  decimal  point 
blanked  off.  Insert  No.  22  solid  jumpers 
across  the  1C  sockets  at  the  number  5 
positions  of  PS1  and  PS3  and  at  the 
number  3  position  of  PS2  (see  compo- 


Fig.  6.  Typical  local 
oscillator  circuit 


nent  placement  guide).  Or,  if  DIP 
switches  are  used,  close  the  switches  at 
these  positions.  Then  momentarily  in¬ 
sert  a  jumper  across  the  other  1C  socket 
positions  and  verify  that  the  correspond¬ 
ing  counter  responds  according  to  Table 
B.  For  DIP  switches,  this  is  accom¬ 
plished  by  turning  the  remaining 
switches  on  and  off.  As  voltage  is  ap¬ 
plied  to  each  programming  input,  the 
BCD  value  of  that  input  will  be  displayed 
on  the  corresponding  LED  readout. 

After  completing  the  checkout  proce¬ 
dure  turn  the  power  off  and  connect  the 
hot  and  ground  sides  of  the  coaxial 
jumper  to  receiver's  local  oscillator  out¬ 
put  and  chassis,  respectively.  Turn  on 
the  receiver  and  tune  it  to  WWV  or 


WWVH  at  5  MHz.  Tune  the  receiver  to 
the  station’s  carrier  as  accurately  as 
possible.  You  can  best  do  this  by  turning 
on  the  bfo — if  your  receiver  has  one — 
and  zero  beating  the  carrier.  If  no  bfo  is 
available,  tune  in  the  carrier  for  max¬ 
imum  signal  strength.  Now  turn  the  pro¬ 
ject  on.  The  readout  will  display  a  fre¬ 
quency  somewhat  above  or  below  that 
of  WWV’s  carrier.  Subtract  the  number 
display  from  105.000  to  obtain  the  num¬ 
ber  needed  for  counter  programming. 
For  example,  if  the  display  reads  5.456 
MHz,  subtract  5.456  from  105.000.  You 
will  obtain  a  remainder  of  99.544,  which 
is  then  programmed  into  the  counters  in 
BCD  form  as  illustrated  in  TABLES  A 
and  B. 

The  display  should  now  read  5.000 
MHz.  Programming  can  be  verified  by 
tuning  in  an  AM  broadcast  station  of 
known  frequency  for  maximum  signal 
strength.  Observe  the  displayed  fre¬ 
quency.  If  it  is  off  by  1  kHz  or  so,  adjust 
the  programming  of  IC9  so  that  the  cor¬ 
rect  frequency  is  displayed.  The  project 
is  now  properly  programmed  for  receiv¬ 
ers  with  a  fixed  i-f  for  all  bands  and  no 
further  adjustments  are  needed.  When 
the  receiver  is  turned  off  but  the  project 
left  on,  the  readout  will  display  the  num¬ 
ber  you  have  programmed  into  the 
counters. 

Some  multiple  conversion  receivers, 
such  as  the  Heath  GR-78,  will  require 
different  programming  for  different 
bands.  Thumbwheel  switches  with  BCD 
outputs  can  be  mounted  on  the  front 
panel  and  used  in  place  of  jumpers  or 
DIP  switches.  This  will  greatly  speed 
programming. 

The  project  is  not  suitable  for  use  with 
those  multiple  conversion  receivers  hav¬ 
ing  second  (lower)  i-f’s  with  variable  fre¬ 
quency  (local)  oscillators  operating  be¬ 
low  the  first  i-f.  In  such  a  case,  the  tun¬ 
able  oscillator’s  output  frequency  is 
highest  when  the  receiver  is  tuned  to  the 
lowest  frequency  within  a  given  band. 
Conversely,  the  oscillator’s  output  fre¬ 
quency  is  lowest  when  the  receiver  is 
tuned  to  the  highest  frequency  within  the 
band.  However,  receivers  using  this 
type  of  i-f  generally  have  dial  mech¬ 
anisms  with  wide  bandspread  and  fre¬ 
quency  readout  to  the  nearest  one  or 
five  kilohertz.  Therefore,  they  do  not 
need  the  kind  of  improvement  this  pro¬ 
ject  can  provide. 

For  inexpensive  SW  receivers,  how¬ 
ever,  this  project  is  an  enormous  asset. 
Not  only  will  it  greatly  enhance  the  us¬ 
er’s  enjoyment  of  shortwave  listening,  it 
will  also  make  station  tuning  and  logging 
a  “breeze.”  o 
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WHILE  MOST  modern  power  sup¬ 
plies  are  designed  to  protect 
themselves  against  overloads  and  short 
circuits,  the  protection  often  doesn’t  go 
far  enough.  In  many  modern  projects — 
particularly  those  involving  computers — 
the  load  on  the  power  supply  can  cost  a 
great  deal  more  than  the  supply  itself.  A 
practical  power  supply  for  modern  pro¬ 
jects,  then,  should  protect  both  itself  and 
the  load.  With  an  inexpensive  723  preci¬ 
sion  voltage  regulator  1C  and  a  handful 
of  components,  you  can  build  such  a 
“full-protection”  power  supply. 

Unlike  most  other  regulator  IC’s,  the 
723  can  be  programmed  to  automatical¬ 
ly  drop  the  output  current  to  a  small  frac¬ 
tion  of  maximum  under  overload  and 
short-circuit  conditions.  This  “foldback” 
current  is  similar  to  conventional  current 
limiting  up  to  the  maximum  current  rat¬ 
ing  of  the  supply.  But  while  a  conven¬ 
tional  current  limiter  will  keep  right  on 
pumping  maximum  current  into  the  load, 
the  foldback  circuit  will  go  to  maximum 
and  then  signal  the  series-pass  transis¬ 
tor  in  the  723  to  drop  the  output  current 
to  a  mere  fraction  of  its  capability. 

The  actions  of  both  conventional  and 
foldback  limiting  are  graphically  illustrat¬ 
ed  in  Fig.  1 .  Note  the  downward  slope  of 
the  short-circuit  current,  lsc,  for  the  fold- 
back  characteristic  as  opposed  to  the 
zero  slope  of  the  line  for  conventional 
current  limiting. 

The  functional  diagram  of  the  723  is 
shown  in  Fig.  2.  Pin  designations  on  the 
diagram  are  for  the  dual  in-line  (DIP) 
configuration  of  this  1C.  Below  the  dia¬ 
gram  are  the  pin  designations  for  the 
round  (TO-IOO)  configuration  of  this  1C. 
Some  of  the  IC’s  more  important  max¬ 
imum  specifications  are:  40  V  from  +V 
and  Vc  to  -V;  1 50  mA  maximum  current 
for  internal  series-pass  transistor;  900 
mW  DIP  (800  mW  round)  maximum 
power  dissipation;  0.001  -jaF  frequency- 
compensation  capacitor;  0.03%  regula¬ 
tion  at  load;  input-output  voltage  differ¬ 
ential,  30  V  minimum.  On  the  TO-100, 
pin  5  is  connected  to  the  case. 


Current 
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How  a  723 IC 
can  be  used  for 
both  load  and 
supply  regulation. 


Regulation  Differences.  A  basic 
current  limiter  using  a  723  is  shown  in 
Fig.  3.  This  circuit  can  be  programmed 
to  operate  in  either  a  low-  (2-to-7-)  or 
high-  (7-to-35-)  volt  range  by  proper  se¬ 
lection  of  voltage-divider  resistors  R1 
and  R2.  (Note:  To  avoid  confusion  dur¬ 
ing  calculations,  two  R1-R2  divider  net¬ 
works  are  shown.  The  resistor  values 
calculated  will  be  the  same  in  both  divid¬ 
er  networks.) 

If  only 'the  high-voltage  range  is  de- 
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sired,  switch  SI  goes  to  hi,  and  VREF 
goes  to  the  noninverting,  or  +,  input  of 
the  error  amplifier  in  the  723  through  a 
5000-ohm  resistor  (R4).  The  output  cur¬ 
rent  of  the  IC  is  sensed  by  R3  and  fed  to 
the  Q2  current  sense  amplifier  in  the 
723.  When  the  potential  across  R3  ex¬ 
ceeds  about  0.7  volt,  Q2  diverts  any  in¬ 
crease  in  base  current  from  the  error 
amplifier  to  Q1  inside  the  IC.  This  limits 
the  available  current  from  the  723  to  the 
IC’s  rated  maximum.  Unfortunately,  if 
the  load  resistance  goes  to  zero,  this 
maximum  current  will  still  be  pumped 
into  the  load. 

Now,  consider  the  foldback  modifica¬ 
tion  shown  in  Fig.  4.  (This  circuit  is  iden¬ 
tical  to  the  Fig.  3  circuit  except  that  R5 
and  R6  have  been  added  as  shown.) 
The  ratio  of  R5/R6  shifts  the  operating 
point  of  Q2  inside  the  723  so  that,  when 
the  voltage  drop  across  R3  biases  on 
02,  any  increase  in  the  drop  across  R3 
(beyond  the  point  at  which  the  transistor 
first  starts  to  conduct)  diverts  increasing 
current  away  from  the  base  of  the  723’s 
Q1  transistor.  Thus,  the  output  current 
“folds  back”  after  the  maximum  pro¬ 
grammed  current  is  obtained.  Note, 
however,  that  because  a  finite  voltage 
drop  is  required  to  keep  the  723’s  02 
transistor  conducting,  the  output  current 
can  never  go  to  zero;  it  simply  folds  back 
to  a  small  fraction  of  the  maximum  cur¬ 
rent  the  IC  can  deliver. 

Calculations.  To  program  a  723  for 
the  current-foldback  regulator,  first  de¬ 
termine  values  for  R1  and  R2  to  fix  the 
output  voltage.  To  determine  the  fold- 
back  current  (“knee”  in  Fig.  1 ),  R3  is  cal¬ 
culated  after  selecting  convenient  val¬ 
ues  for  R5/R6. 

If  the  output  is  to  be  less  than  7  volts, 
the  R1A-R2A  divider  network  goes  di¬ 
rectly  to  the  723’s  VREF  input  with  Si  in 
the  lo  position  as  shown  in  Fig.  3.  The 
basic  formula  from  which  to  work  is  VQ 
=  VREF  R2A/(R1A  4-  R2A),  from  which 
we  obtain  R1A  ~  R2A(Vref  -  Vq)/V0 
and  R2A  =  V0fl1A/VREF  -  V0).  As¬ 
sume  that  the  desired  VQ  =  5  volts  and 
that  VREF  =  6.2  volts.  Select  an  arbitrary 
value  of  several  thousand  ohms — say, 
10,000  ohms  —  for  R2A .  Therefore, 
R1A  =  10,000(6.2  -  5)/5  =  2400  ohms. 
Hence,  for  a  5-volt  output,  the  values  of 
R1A  and  R2A  should  be  2400  and 
.1 0,000  ohms,  respectively. 

Should  you  desire  an  output  of  greater 
than  7  volts,  SI  should  be  set  to  hi, 
which  bypasses  R1A  and  R2A  by 
switching  in  R4  and  placing  the  R1B- 
R2B  divider  in  the  circuit.  The  basic  for- 
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Fig.  2.  Functional  diagram  of  the  DIP  723. 
Pin  designations  for  TC-100  are  also  given. 


Fig.  4.  Voltage  divider  at  "X” 
in  Fig.  3  shifts  operating  point. 


Fig.  6.  If  a  pnp  transistor 
is  used  as  series-pass 
element,  add  a  bias  resistor. 


Fig.  3.  Basic  current 
limiter  can  operate  in 
either  a  low  (2  to  7 
volts)  or  high  (7  to  35) 
range  by  proper  selection 
of  resistors  R1  and  R2. 
See  Fig.  4  for  added 
circuit  at  point  “X“. 


Fig.  5.  Use  of  an  npn 
series-pass  transistor 
to  increase  capacity. 


Fig.  1,  Dashed 
line  shows 
downward  slope 
of  short-circuit 
current  for  the 
foldback 
characteristic. 


mula  here  is  V0  =  VREF  (RIB  +  R2B)/ 
R2B .  Therefore,  RIB  =  R2B(\!0  - 
Vref)/vref  and  R2B  =  VREF  RIB/ 
(Vq  -  VrEF)-  This  time,  let  us  assume 
that  the  output  is  to  be  1 5  volts  and  that 
\/ref  remains  the  same  at  6.2  volts. 
Again  arbitrarily  selecting  a  value  of 
10,000  ohms  for  R2B,  RIB  =  10,000 
(15 -6.2)/6.2  =  14,193  ohms. 

Now,  select  the  maximum  current  the 
supply  is  to  deliver  to  the  load.  For  ex¬ 
ample,  assume  that  at  Vo  =  15  volts, 
you  want  an  lMAX  of  100  mA.  Now,  se¬ 
lect  values  for  R5  and  R6  (Fig.  4  shows 
how  these  components  connect  into  the 
basic  circuit).  Assume  that  R5  and  R6 
have  values  of  1000  and  10,000  ohms, 
respectively.  (Note:  The  smaller  the  ratio 


of  R5/R6 ,  the  lower  will  be  the  re¬ 
sistance  for  R3  to  provide  the  required  li¬ 
miting.  Bear  in  mind  that  the  short-circuit 
current  will  be  reduced  for  larger  values 
of  R3.) 

From  the  equation  lMAX  =  [V0 
R5+0.7(R5  +  R6)]/R3R6,  we  obtain  R3 
-  [V0R5  +  0.7  (R5  +  R6)]/Imax  R6. 
Therefore,  R3  =  [15(1000)  +  0.7(1000 
+  10,000)]/(0.1  x  10,000)  =  22.7 
ohms.  Since  the  formula  for  short-circuit 
current  is  lSc  =  0.7(R5  +  R6)/R3R6, 
lSC  =  0.7(1000  +  10,000)/(22.7  x 
10,000)  =  35  mA.  This  is  about  a  third  of 
the  actual  current  the  723  supply  is  de¬ 
signed  to  deliver.  The  short-circuit  cur¬ 
rent  can  be  reduced,  but  then  new  val¬ 
ues  of  the  ratio  R5/R6  will  have  to  be  se¬ 


lected  to  determine  the  100-mA  foldback 
point. 

A  current  of  35  m A  at  15  volts  is  a 
hefty  half-watt  to  dissipate  on  an  1C  chip. 
Therefore,  a  better  approach  to  the  de¬ 
sign  of  the  supply  would  be  to  use  an  ex¬ 
ternal  series-pass  transistor  with  ade¬ 
quate  heat-sink  protection.  The  circuit 
utilizing  an  npn  series-pass  transistor 
(03)  is  shown  in  Fig.  5.  If  all  you  have 
available  is  a  pnp  transistor,  you  can  use 
it,  along  with  an  additional  bias  resistor 
(R7),  as  shown  in  Fig.  6.  In  either  case, 
if  the  circuit  is  to  be  used  to  power  a  par¬ 
ticular  project,  be  sure  the  transistor’s 
voltage,  current,  and  power  dissipation 
figures  are  capable  of  accommodating 
the  load  at  full  power.  O 
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EARN  $1000  OR  MORE  PER  ORDER  IN  YOUR 
SPARE  TIME  SELLING  OUR  SIDING  HOME-KITS. 

Our  HOME-KIT  is  a  complete  covering  of  aluminum,  steel,  or  vinyl 
siding  for  a  home.  They’re  available  in  1 4  sizes  and  22  colors.  They're 
easy  to  apply  and  easy  to  sell  because  our  dealer  prices  Cyour  cost) 
allow  you  to  buy  at  about  1  /3rd  of  the  national  average  installed  price. 

Each  new  dealer  must  install  a  HOME-KIT  on  his  own  home  in  order  to 
gain  application  experience  and  have  something  to  show  to  his  pro¬ 
spective  customers. 

Fill  in  the  coupon  on  this  page  and  send  it  to  us.  We’ll  promptly  mail 
you  your  FREE  FRANCHISE  (if  still  available  in  your  county)  and 
FREE  DEALERSHIP.  You’ll  also  receive  FREE  SAMPLES  of  our  product 
and  our  48  page  CONFIDENTIAL  DEALER’S  MANUAL  AND  WHOLE¬ 
SALE  PRICE  LIST.  The  manual  is  extremely  valuable.  It  explains  how 
to  apply  siding,  discusses  each  type  of  siding  material  available,  and 
tells  you  how  to  sell  it. 


Your  first  HOME-KIT  includes  a  complete  set  of  professional  siding 
applicator’s  tools  and  detailed,  yet  easy  to  follow,  step-by-step,  illus¬ 
trated  instructions ...  all  free  of  additional  charges.  Plus,  a  FREE  50 
lesson  course  on  everything  you’ll  ever  have  to  know  about  selling  and 
applying  siding. 

Once  you  decide  to  become  an  Aluminum  Industries  dealer,  all  of  our 
merchandising,  advertising  and  sales  experience  (over  30  years  of  it) 
becomes  available  to  you  . . .  FREE! 


SELL  YOUR  CUSTOMERS  ON  MONTHLY  PAYMENTS. 

HOME-KITS  can  be  sold  on  monthly  payments.  No  down  PLEASE  ...  do  not  delay.  We  can  only  award  a  limited  num- 

payment  is  required.  Details  are  in  your  free  CONFIDEN-  ber  of  active  franchises  in  any  county.  As  soon  as  we 

TIAL  DEALERS  MANUAL  AND  WHOLESALE  PRICE  LIST.  receive  your  inquiry,  we’ll  reserve  your  franchise  for  you 

until  you  decide  whether  or  not  to  become  a  dealer.  But 
act  now,  before  your  county  is  closed. 


NOTICE 

If,  after  applying  a  HOME-KIT  to  your  home 
you  decide  that  you  would  rather  not  become 
an  Aluminum  Industries  dealer,  you  are  under 
no  obligation  to  do  so.  But  we  think  that  once 
you  see  how  easy  a  HOME-KIT  is  to  apply  and 
how  beautiful  and  maintenance  free  it  makes 
your  home,  you  will  find  it  is  quite  easy  and  very 
profitable  to  sell  HOME-KITS  to  your  friends 
and  neighbors. 


ALUMINUM 
INDUSTRIES 
OF  ARKANSAS 


Dept  PE  27 
300  Phillips  Rd. 

North  Little  Rock,  AR  721 1 7 


APPLICATION  FOR  DEALERSHIP  [  PE  27  ] 

WITHOUT  OBLIGATION,  please  mail  me  all  of  the  materials  mentioned  above  including  my 
FREE  48-page  CONFIDENTIAL  DEALER'S  MANUAL  AND  WHOLESALE  PRICE  LIST.  FRAN¬ 
CHISE  &  DEALERSHIP.  AND  SAMPLES.  1  own  a  home  which  needs  to  be  re-sided  and  I  under¬ 
stand  that  I  must  purchase  a  HOME-KIT  for  my  home  before  l  can  sell  them  to  the  public.  NOTE: 
No  salesman  will  knock  on  your  door,  we  distribute  exclusively  by  mail 


My  name  is:_ 


I  would  like  to  be  considered  for  a: 


(please  print) 

□  Part-time  dealership 


□  Full-time  dealership 


Address  of  property  I  own  which  needs  re-siding:  STREET. 


CITY_ 


. STATE . 


.  ZiP_ 


This  property  is  in  _ 


.  county. 


My  mailing  address  is:  STREET. 


. STATE- 


ZIP 


My  present  occupation  is:_ 


L 


My  phone  number  is:_ 
SIGNATURE _ 


DATE 


"_l 


FEBRUARY  1977 


CIRCLE  HO.  9  ON  FREE  INFORMATION  CAFID 
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Conference 
TALK 
TIMER 


BY  WALTER  W.  SCHOPP 

Compact,  versatile  pFctjeet 
has  selectable  time  intervals. 


IT  IS  a  well-known  fact  that  public 
speakers  frequently  run  over  their  al¬ 
lotted  time.  This  “Talk  Timer”  is  an  ideal 
device  for  keeping  speakers  within  their 
time  limits  and  getting  a  conference 
moving  on  schedule.  Its  use  need  not  be 
confined  to  conferences,  however.  It  can 
be  used  in  any  timing  application  in  the 
kitchen,  in  the  radio  shack,  near  the  tele¬ 
phone,  etc. 

When  the  unit  is  turned  on  and  the  re¬ 
set  button  is  pressed,  a  green  light 
glows  for  the  talk  period  (adjustable 
from  5  to  60  minutes).  At  the  end  of  that 
time,  a  yellow  light  comes  on,  and  the 
summarize  period  (adjustable  from  5  to 
1 5  minutes)  begins.  When  the  total  time 
is  up,  a  red  light  comes  on. 

The  project  can  be  built  easily  at  a  to¬ 
tal  parts  cost  of  about  $30. 

About  the  Circuit.  The  Talk  Timer 
has  a  fairly  low  parts  count  due  to  the 
fact  that  two  Exar  XR-2400  IC’s  are 
used.  Each  chip  contains  a  555  timer 
and  eight  flip-flops  (divide-by-two  coun¬ 
ters)  in  a  16-pin  DIP.  Each  open-collec¬ 
tor  flip-flop  output  is  accessible  at  a  spe¬ 
cific  pin,  and  any  number  of  them  can  be 
connected  together.  The  result  is  a 
summed  output  signal  with  a  period  from 
RC  to  255RC,  where  RC  is  the  time  con- 
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stant  of  the  timing  resistor  and  capacitor. 

The  schematic  diagram  of  the  Talk 
Timer  is  shown  in  Fig.  1 .  Duration  of  the 
“talk”  period  is  controlled  by  IC1,  and 
that  of  the  “summarize”  period  by  iC2 .  A 
1 5-second  time  constant  is  used  in  each 
timer,  determined  by  R7,  R8,  and  C2for 
IC1  and  R14,  R15,  and  C8  for  IC2.  Be¬ 
cause  this  time  constant  is  fairly  short, 
reasonably  sized  capacitors  can  be 
used.  Also,  adjustment  of  R8  and  R1 5  is 
much  easier  for  this  interval  than  for  one 
considerably  longer.  (The  overall  ac¬ 
curacy  of  each  timer  depends  on  that  of 
its  reference  time  constant.)  For  the 
“talk”  period,  the  4RC  through  128RC 
outputs  of  IC1  are  selectively  summed 
to  give  an  output  signal  with  a  duration 
of  5  to  60  minutes  in  5-minute  incre¬ 
ments.  For  the  “summarize”  period,  the 
4RC  through  32 RC  outputs  of  IC2  are 
combined  to  give  an  output  signal  of  5, 
10,  or  15  minutes. 

When  power  is  initially  turned  on,  both 
timers  are  reset.  All  three  lamps  (11-13) 
glow,  and  the  unit  is  ready  for  operation. 
When  reset  switch  SI  is  depressed, 
one  pole  momentarily  disconnects 
SCR1  and  SCR2  from  the  unregulated 
+7.5-volt  supply  (point  A).  This  turns  off 
the  SCR’s  and  lamps  12  (summarize) 
and  13  (stop).  Lamp  II  (talk)  will  glow 


again  when  SI  is  released.  The  other 
pole  of  St  applies  a  pulse  from  capacitor 
C3  to  the  reset  terminal  of  IC2  (pin  10) 
and  to  the  reset  and  trigger  (pin  1 6)  ter¬ 
minals  of  IC1.  Thus,  IC1  starts  timing 
and  its  output  goes  low. 

At  the  end  of  the  selected  “talk”  peri¬ 
od,  the  output  of  IC1  goes  high  and 
causes  SCR1  and  12  to  conduct.  Simul¬ 
taneously,  a  pulse  is  applied  to  the  trig¬ 
ger  input  of  IC2.  This  1C  then  times  out 
the  summarize  period.  At  the  end  of  that 
interval,  !C2 s  output  goes  high  and 
turns  on  SCR2.  This  activates  13  and  the 
Sonalert  (if  used).  The  Talk  Timer  can 
then  be  reset  for  the  next  speaker  by  de¬ 
pressing  SI.  Also,  the  unit  can  be  reset 
at  any  time  during  the  talk  and  summa¬ 
rize  intervals  by  pressing  reset. 

A  suitable  power  supply  providing  reg¬ 
ulated  and  unregulated  outputs  is  shown 
schematically  in  Fig.  2.  For  stability,  the 
two  timing  chips  are  connected  to  the 
6.8-volt  regulated  output  (point  B).  The 
rest  of  the  circuit  (the  SCR’s  and  indica¬ 
tor  lamps)  is  connected  to  the  unregulat¬ 
ed  output. 

Construction.  Assembly  techniques 
and  parts  placement  are  not  critical. 
Printed  circuit  or  perforated  board  can 
be  used,  with  hard  wire  or  wrapped  wire 
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RESET 


- -I 


C3  —Jr 

|QyF*-*p 


II  12 
TALK  SUM¬ 
MARY 


sonalert 

(OPTIONAL) 


- 45  MIN 

- 50  MIN 

- 55  MIN 

t-Q60  MIN 


_1__S2__1 - 1. 


PARTS  LIST 


Cl ,  C7 — 0.01-fiF  disc  ceramic  capacitor 
C2,  C3,  C8 — 10-fiF,  25-voit  tantalum  capaci¬ 
tor 

C4  through  C6 — 0.22-fiF  Mylar  capacitor 
II  through  13 — No.  44  or  47  pilot  light 
ICI ,  IC2 — XR-2240CP  programmable  timer 
(Exar) 

The  following  fixed  resistors  are  14-watt,  10% 
tolerance  components. 


R I ,  R2,  R4,  R 1 2—5 1 ,000  ohms 
R3,  R1 1 — 10,000 ohms 
R5— 75,000  ohms 
R6,R  13— 20,000  ohms 
R7,  R 14 — 1.2  megohms 
R9,  R10— 22,000  ohms 
R8,  R15 — 500,000-ohm  trimmer  potentiome¬ 
ter 

51 —  Dpdt  momentary  pushbutton  switch 

52 —  6-pole,  12-position  nonshorting  rotary 
switch  (Centralab  2025  or  equivalent) 


5  MIN 
10  MIN 
—T-QI5  MIN 


S3 — 4-pole,  3-position  nonshorting  rotary 
switch  (Centralab  201 1  or  equivalent) 

SCR1,  SCR2 — 1 -ampere,  100-volt  silicon 
controlled  rectifier  (Radio  Shack  276-1059 
or  equivalent) 

Misc. — Lensed  lamp  holders,  printed  circuit 
or  perforated  board,  IC  sockets  or  Molex 
Soldercons,  suitable  enclosure,  switch 
knobs,  Sonalert  (optional),  hookup  wire, 
solder,  etc. 


Fig .  1.  Two  timer-counter  IC’s  reduce  parts  count  for  the  project. 


connections.  The  use  of  sockets  or  Mo¬ 
lex  Soldercons  is  recommended  for  the 
IC’s.  Care  should  be  taken  when  wiring 
S2  and  S3.  The  many  contacts  on  these 
rotary  switches  make  it  easy  to  wire 
them  incorrectly,  and  make  it  difficult  to 
find  the  error  after  assembly.  Lamphold¬ 
ers  with  colored  lenses  should  be  used 
with  II  (green),  12  (yellow),  and  13  (red). 

Adjustment.  The  only  adjustments 


that  need  to  be  made  are  the  settings  of 
R8  and  R15.  Using  a  dc-coupled  oscillo¬ 
scope  or  high-threshold  logic  probe,  ob¬ 
serve  the  signals  at  pin  1  of  each  IC. 
During  the  “talk”  period,  the  waveform 
at  pin  1  of  ICI  should  change  state  ev¬ 
ery  1 5  seconds  when  R8  is  properly  ad¬ 
justed.  During  the  “summarize”  period, 
pin  1  of  IC2  will  change  state  every  15 
seconds  when  R15  is  set  correctly.  Try 
to  adjust  these  RC  time  constants  as 


precisely  as  possible,  because  the  over¬ 
all  accuracy  of  the  Talk  Timer  depends 
entirely  on  them. 

No  matter  what  your  application  may 
be,  the  Talk  Timer  is  set  up  and  oper¬ 
ated  in  this  manner — connect  the  project 
to  the  ac  line,  close  power  switch  S4,  se¬ 
lect  the  desired  talk  and  summary  times 
with  rotary  switches  S2  and  S3,  respec¬ 
tively,  and  activate  and  reset  the  system 
using  reset  switch  SI .  O 


PARTS  LIST 

C9 — 2500-^F,  1 5-volt  electrolytic  capacitor 
CIO — 0.001-^F  disc  ceramic  capacitor 
D1  through  DA — 1N4001  rectifier  diode 
D5 — 6.8-volt,  1-watt  zener  diode  (1N3016B 
or  equivalent) 

R16 — 33-ohm,  !4-watt  resistor 
S A — Spst  toggle  switch 
T1  —  1 17V/6. 3-volt,  1 .2-ampere  transformer 
Misc. — Line  cord,  terminal  strips,  hookup 
wire,  solder,  machine  hardware,  etc. 


Fig.  2.  Schematic  of  suitable  power  supply. 
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QUIZ-GAME 
ELECTRON l 


BY  MICHAELS.  ROBBINS 


Here’s  a  player-response  circuit  that  will  enable  you 

to  imitate  quiz  shows  at  home  or  with  larger  audiences. 


POPULAR  TV  quiz  shows  use  electri¬ 
cal  or  electronic  apparatus  to  deter¬ 
mine  which  contestant  makes  the  first 
response,  thereby  getting  first  crack  at  a 


question.  Here’s  a  simple  circuit  that  will 
enable  high  school  and  college  groups 
to  emulate  the  quiz  shows.  It  can  be 
used  for  fun  at  home,  too. 


The  circuit  shown  will  energize  a  lamp 
to  identify  which  player  pushes  his  but¬ 
ton  first,  sound  an  audible  alarm,  and 
lock  out  the  buttons  of  the  other  players. 
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PARTS  LIST 

C1,C3,C5 — 0,1-p.F,  50-volt  disc  ceramic  ca¬ 
pacitor 

C2 — 5-p.F,  25-volt  electrolyticcapacitor 
C4 — 500-p.F,  25-volt  electrolytic  capacitor 
C6— -0.02-p.F,  50-volt  disc  ceramic  capacitor 
C7—  10-pP,  25-vojt  electrolytic  capacitor 
D1  to  D7 — 1N4001  diode  >; ;  , 

II  to  13 — No.  57  pilot  lamp 
ICUC2—555  IC  timer 
R1  ,R2,R4,R6 — 100-ohm  resistor 
R3,R5,R7,R8,RI0,R1 1 — 1000-ohra  resistor 
R9 — 6.8-megohm  resistor 
R 12 — 100,000-ohm  resistor 
SI— Spst  normally  closed,  momentary  push¬ 
button  switch 

S2  to  S4 — Spst  normally  open,  momentary 
pushbutton  switch 

SCR1  fo  SCR4 — HEP  R 1221  or  equivalent 
Misc. — Utility  boxes,  pc  or  perforated  board, 
lamp  sockets,  wire,  solder,  hardware,  etc. 


C7 

li 


8A 

SPKR 


Schematic  diagram  for 
the  game  circuit  By 
adding  SCR  networks , 
the  circuit  can  be 
expanded  to  include 
any  number  of  players. 


pi— 07  =  IN400I 
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The  solid-state  design  is  inexpensive  to 
build  and  can  be  expanded  to  include 
any  number  of  players  and  a  combina¬ 
tion  of  alarms  could  be  used. 

Circuit  Operation.  The  heart  of  the 
system  is  an  inexpensive  SCR.  When  a 
contestant  presses  his  button,  the  gate 
of  his  particular  SCR  (one  for  each  play¬ 
er)  is  connected  to  the  positive  gate  bus. 
The  SCR  turns  on  and  the  indicator  is  lit. 
Since  the  voltage  across  the  SCR  is 
nearly  zero  during  conduction,  the  nor¬ 
mally  positive  gate  bus  will  be  pulled 
down  to  almost  0  volts  through  the  diode 
which  ties  the  bus  to  the  SCR’s  anode. 
When  this  happens,  the  bus  will  not  be 
able  to  supply  enough  gate  current  to 
turn  any  other  SCR  on.  Thus  the  other 
players’  buttons  are  locked  out  until  the 
referee  resets  the  circuit. 

This  dip  in  voltage  on  the  bus  acti¬ 
vates  IC1,  a  555  unit  operating  as  a  one- 
shot.  A  one-second  pulse  from  ICI's 
output  activates  IC2,  a  555  in  the  asta- 
ble  mode,  producing  a  tone  in  the 
speaker  for  the  same  length  of  time. 
Since  the  output  of  IC2  is  a  square 
wave,  an  appreciable  inductive  "kick” 
can  appear  across  the  speaker  coil.  Two 
clipping  diodes  are  connected  across 
the  output  of  IC2  to  protect  the  transis¬ 


tors  inside  the  555  from  excessive  volt¬ 
age  spikes. 

Once  a  pulse  of  current  flows  into  an 
SCR,  it  will  conduct  indefinitely  (the 
player  need  not  keep  his  button  continu¬ 
ously  depressed)  until  the  anode  current 
falls  below  the  holding  current,  lH.  When 
this  happens,  the  SCR  turns  off.  In  this 
circuit,  the  indicator  lamp  will  continue  to 
glow  and  all  other  pushbuttons  will  be 
locked  out  until  the  referee  pushes  the 
RESET  button,  Si. 

The  duration  and  pitch  of  the  tone 
may  be  adjusted  by  changing  the  values 
of  the  timing  components  associated 
with  IC1  and  IC2.  For  example,  chang¬ 
ing  R9  from  6.8  megohms  to  1  megohm 
will  shorten  the  duration  to  about  0.2 
seconds,  while  substituting  a  10- 
megohm  resistor  will  extend  the  interval 
to  about  two  seconds.  Replacing  the 
100,000-ohm  R12  with  a  500,000-ohm 
resistor  will  raise  the  frequency  of  the 
tone  from  350  Hz  to  about  1000  Hz. 
Since  tastes  vary,  you  might  install  po¬ 
tentiometers  in  place  of  these  two  fixed 
resistances,  and  adjust  them  to  produce 
the  desired  pitch/duration  combination. 

Any  small  8-ohm  speaker  will  be  suffi¬ 
cient  for  this  application.  Power  can  be 
obtained  from  any  source  capable  of 
producing  500  mA  at  9  to  1 2  volts  dc.  A 


lantern  battery  or  a  small  full-wave  pow¬ 
er  supply  will  work  fine. 

Construction.  The  system  can  be 
constructed  in  several  different  configu¬ 
rations.  One  of  the  most  versatile  ar¬ 
rangements  is  to  mount  each  contest¬ 
ant’s  pushbutton,  indicator  lamp,  and 
SCR  network  in  a  small  utility  box,  which 
is  placed  before  him.  All  of  the  boxes  are 
connected  together  by  a  three-conduc¬ 
tor  cable.  The  tone  generator,  reset 
button,  and  power  supply  can  then  be  in¬ 
stalled  in  a  utility  box  mounted  at  the  re¬ 
feree’s  position. 

An  alternative  arrangement  is  to 
mount  all  of  the  circuitry  behind  a  panel 
on  which  the  indicator  lamps  are  in¬ 
stalled.  Twisted-pair  or  zip  cord  can  be 
used  to  connect  the  circuitry  to  pushbut¬ 
tons  at  the  contestants’  and  referee’s 
positions.  Other  configurations  might  be 
suggested  by  your  own  particular  situa¬ 
tion. 

Parts  placement  is  not  critical,  so  the 
circuitry  can  be  assembled  on  a  printed 
circuit  board  or  a  piece  of  perforated 
board,  mounted  in  any  small,  convenient 
utility  box. 

All  you  need  now  to  use  the  system 
are  contestants,  brain  teasers  and 
prizes  to  be  won!  O 


Get  More  from  Your 
Car  with  a  Mark  10 

System* 


The  best-seiling  CDI  system  of  its  kind  in 
the  world — now  at  discount  prices! 

Would  you  like  more  power?  Better  mileage 
And  could  you  stand  to  eliminate  3  out  of  4 
of  those  expensive  tune-ups?  Well,  that’s 
what  the  MARK  10  capacitive  discharge 
electronic  ignition  system  is  all  about.  Very 
simply,  it  boosts  the  spark  to  your  engine — 
promoting  better  combustion,  and  minimizing 
combustion  contaminants.  Spark  plug 
life  is  extended,  all-weather  starts 
are  insured,  and  you  can  feel  an  increase 
in  acceleration  and  overall  engine 
performance — no  matter  what  kind  of 
car  you  drive.  Learn  more  about  a 
MARK  10  CDI  system  for  your  car  (and 
take  advantage  of  year-end  discount  prices), 
when  you  write  today  for  a  catalog  and  price  list . 
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DELTA  PRODUCTS,  INC. 

RO.  Box  1147,  Dept.  PE 
Grand  Junction,  CO  81501 
(303)  242-9000 

I  want  to  know  more  about  Mark  Ten  CDI’s. 
Send  me  complete  no-nonsense  information  on 
how  they  can  improve  the  performance  of  my  car. 


Name  . 


Address  _ 


.State. 
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TIMERS  AND  COUNTERS 


Solid  State 

By  Lou  Garner 


Mk  NUMBER  of  semiconductor  manufacturers  offer  special 
devices  designed  specifically  for  use  in  timing  and 
counting  systems  quite  aside  from  watch  and  clock  IC’s.  A  typ¬ 
ical  family  may  include  from  two  to  four  or  more  devices.  The 
8240,  8250,  and  8260,  for  example,  are  a  family  of  monolithic 
programmable  timer  circuits  manufactured  by  Intersil,  Inc. 
(10900  N.  Tantau  Ave.,  Cupertino,  CA  95014)  which  can  be 
used  in  a  variety  of  interesting  and  exciting  projects.  Supplied 
in  16-pin  DIP’S,  TTL  compatible,  and  capable  of  operation  on 
dc  sources  of  4  to  18  volts,  these  devices  are  suitable  for  use 
in  process  control,  appliance  and  darkroom  programmable 
timers;  inventory  checking,  loading,  filling  and  summing  coun¬ 
ters;  music  synthesis,  harmonic  synchronization  and  other  fre¬ 
quency  generation  applications;  analog-to-digital  and  digital- 
to-analog  converters;  sample  and  hold  circuits;  and  pattern 
and  waveform  generators. 

Terminal  (pin)  connections  for  the  8240,  8250  and  8260 
family  are  identified  in  Fig.  1 .  Each  device  comprises  an  accu¬ 
rate  low-drift  oscillator,  a  counter  section  of  cascaded  master- 
slave  flip-flops  and  suitable  logic  and  control  circuitry.  The  in¬ 
tegral  time-base  oscillator  can  be  set  with  an  external  R-C  net¬ 
work  or,  if  preferred,  disabled,  with  the  time  base  supplied  by 
an  external  clock.  The  counter  outputs  are  open-collector  tran¬ 
sistors  which  can  be  programmed  easily  at  the  external  pins 
using  wire  connections  or  standard  thumbwheel  switches. 
With  additional  logic  circuitry,  timing  can  be  programmed  by  a 
computer  or  microprocessor,  thus  permitting  the  devices  to  be 
used  in  complex  automated  control  systems. 

The  8260  is  designed  specifically  to  time  accurate  delays  in 
seconds,  minutes  and  hours.  It  has  a  maximum  count  of  59 
and  a  carry-out  gate,  permitting  several  units  to  be  cascaded 
for  operation  as  a  clock  synchronized  by  the  60-Hz  ac  power 
line.  With  a  maximum  count  of  99,  the  8250  is  optimized  for 
decimal  counting  and  delay,  and  can  be  programmed  by 
standard  binary  coded  decimal  (BCD)  thumbwheel  switches. 
Each  device  has  a  counting  capability  of  two  decades,  permit¬ 
ting  selection  of  time  delays  from  1  RC  to  99  RC  (RC  repre¬ 
senting  the  external  timing  network),  while  a  carry-out  gate  al¬ 
lows  an  expansion  to  as  many  decades  as  is  needed.  Finally, 
the  8240  employs  conventional  binary  counting,  using  eight 
flip-flops  to  divide  down  the  base  frequency  and  providing  8 
suboctaves  of  the  fundamental  simultaneously  when  operated 
in  the  astable  mode.  When  used  in  the  monostable  mode,  the 
output  collectors  can  be  wired  for  AND  logic  to  give  any  com¬ 
bination  of  pulse  widths  needed  from  1  RC  to  255  RC.  All 
three  devices  offer  a  typical  accuracy  of  ±5%  and  a  low  drift  of 
only  ±100  ppm/°C  (typical). 

Typical  practical  applications  for  the  8240/50/60  family  are 
illustrated  schematically  in  Figs.  2  through  5.  These  are  but  a 
sampling  of  the  circuits  featured  in  the  1 6-page  technical  bul¬ 
letin  for  the  devices  as  well  as  Intersil’s  23-page  Timer/Coun¬ 
ter  Applications  Brochure.  All  of  the  designs  employ  standard 
components  and,  with  neither  layout  nor  lead  dress  overly  cri- 
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Fig .  1.  Pin  connections  for  8240/50/60. 

tical,  may  be  duplicated  quite  easily  in  the  home  laboratory  or 
workshop  using  conventional  construction  techniques,  provid¬ 
ed  good  wiring  practice  is  observed.  Intersil  devices  are 
stocked  primarily  by  franchised  industrial  distributors  such  as 
Arrow,  Kierulff,  Schweber ;  Weatherford ,  and  Semiconductor 
Specialists. 

An  unusual,  but  valuable,  application  for  a  timer/counter  is 
shown  in  Fig.  2 — synthesis  of  a  signal  bearing  a  fractional  har¬ 
monic  relationship  to  an  accurate  reference  frequency.  Here, 
a  100-Hz  output  signal  is  developed  which  is  synchronized 
with  and  stabilized  by  a  60-Hz  signal  derived  from  the  ac  pow¬ 
er  line.  In  operation,  this  is  achieved  by  a  combination  of  fre¬ 
quency  multiplication  and  division.  The  timer/counter’s  inter- 
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nal  time  base  oscillator  is  set  to  a  multiple  of  the  reference  fre¬ 
quency  by  means  of  the  R-C  timing  network  connected  to  pin 
13  and  is  synchronized  with  it  as  in  any  harmonic  generator. 
This  signal  is  then  divided  by  the  counter  chain.  In  the  circuit 
shown,  the  60-Hz  reference  frequency  is  multiplied  by  5  and 
divided  by  3  to  develop  the  100-Hz  output  signal.  Frequency 
synthesizers  may  be  used  in  a  variety  of  projects— such  as 
special-purpose  test  generators,  clocks  for  control  and  proc¬ 
ess  logic  systems,  tone  sources  for  electronic  musical  instru¬ 
ments  or  remote  control  applications,  or  references  for  timing 
instrumentation. 

With  a  few  simple  modifications  and  the  addition  of  a  volt¬ 
age  comparator  and  a  flip-flop,  a  staircase  generator  may  be 
adapted  for  use  as  an  analog-to-digital  converter,  as  shown  in 
Fig.  3.  If  an  8240  is  used,  the  digital  output  is  an  8-bit  binary 
signal,  while  a  type  8250  (with  a  corresponding  change  in  re¬ 
sistor  array  ratios)  provides  a  2-digit  BCD  output.  In  operation, 
an  input  strobe  pulse  first  resets  then  triggers  the  8240/50 
and,  at  the  same  time,  sets  the  flip-flop  which  enables  the 
counter.  The  staircase  signal  developed  by  the  741  op  amp 
counts  down  until  it  reaches  the  analog  input  voltage  level,  at 
which  time  the  type  1 1 1  comparator  changes  state,  resetting 
the  flip-flop  and  stopping  the  count.  The  digital  word  at  the  tim¬ 
er/counter’s  eight  outputs  is  the  complementary  binary  (or 
BCD)  equivalent  of  the  analog  input.  The  maximum  conver¬ 
sion  time  is  approximately  2.6  ms. 

Using  three  cascaded  8250’s  and  featuring  an  optional 
readout  display,  the  programmable  event  counter  circuit  given 
in  Fig.  4  can  be  used  in  numerous  applications.  Typically,  it 
can  serve  to  count  and  limit  the  number  of  moves  in  a  game, 
for  loading  or  package  filling  to  preset  quantities,  for  inventory 
control,  and,  with  suitable  sensors,  even  for  limiting  the  num¬ 
ber  of  individuals  entering  (or  leaving)  a  restricted  area,  such 


as  an  auditorium,  dance  hall,  or  production  plant.  Extremely 
versatile,  its  applications  are  limited  only  by  the  imagination 
and  skill  of  the  designer  and  by  the  peripheral  circuits  or  de¬ 
vices  (such  as  alarms,  solenoids,  relays,  valves,  or  motors) 
with  which  it  is  used.  In  operation,  the  six  decade  counter  is 
preset  (programmed)  to  the  maximum  desired  count  by 
means  of  six  BCD  thumbwheel  switches.  Action  is  initiated 
when  the  start  count  pushbutton  switch  is  closed,  enabling 
both  the  programmed  and  the  readout  display  counters,  the 
latter  a  type  7208.  Thereafter,  the  circuit  begins  counting  the 
desired  items  or  events,  receiving  its  information  in  the  form  of 
negative-going  pulses  from  its  input  line.  The  signal  count 
pulses  may  be  derived  from  microswitches,  photoelectric 
sources,  temperature  transducers,  pressure  switches  or  other 
devices,  depending  on  the  specific  application.  The  output  is 
developed  as  a  0-to-5-volt  step  function;  at  the  start  of  count- 
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YOU 
CAN 
SURE 

MORE  TIMES  IN 
MORE  CIRCUITS 
WITH  SENCORE 
DIGITAL 
MULTIMETERS 


SENCORE 

A  NEW  BREED  OF  DVM's 
BACKED  BY  25  YEARS  OF 
ALL  AMERICAN  CRAFTS¬ 
MANSHIP,  WITH  SIX  EX¬ 
CLUSIVE  FEATURES,  SO 
YOU  CAN  BE  MORE  SURE, 

MORE  OFTEN  . 

L  AND  ALL  WITH  HI  &  LO  < 
L  POWER  OHMS  FOR  MEAS-  ! 
&  URING  ACCURATELY  IN 
%  SOLID  STATE  CIRCUITS. 


DVM35  SI  34 

3  digit  LED  display, 

1  %  DCV  accuracy, 
battery  or  AC  operated 


H0NE  THIRD  LESS  CIRCUIT  LOADING  to  make 
#  13  A  you  sure  that  you  are  affecting  the  circuit  being 
IMEGl  tested  as  little  as  possible  for  more  accurate  measure- 
^  £  ments.  Sencore  digitals  are  15  megohm,  others  are 
10  megohm. 

/ — 7  [§]  2000  DCV  range  to  make  you  sure  that  you  can 

u  measure  TV  boost  volts,  scope  voltages,  medical 
equipment,  etc.  Other  digitals  stop  at  1000  volts. 
|^V\  High  voltage  probe  extends  measuring  capabilities  to 
50  KV. 

u  El  PROTECTED  INSIDE  AND  OUT  so  you  can  be 

sure  that  your  meter  is  working  and  not  in  the  repair 
T5%\  shop.  Drop  it  from  10  feet,  apply  1000  volts  over- 
/  load  and  even  apply  volts  on  ohms  accidentally  and 
Sencore  digitals  keep  right  on  working. 


i  nu¬ 
ll  i : 


O  O' 

I  _/ 


n 

n 

_/ 

_/ 

Li_ 

INTERSIL 

7208 


-  TO  START  PULSE 


Fig.  4.  Schematic 
diagram  of  a 
programmable  counter. 
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ing,  the  output  level  drops  from  5  volts  (positive)  to  0,  remain¬ 
ing  at  this  level  until  the  count  is  complete.  The  accumulating 
count  is  shown  on  the  six-digit  LED  display  until  the  count  pre¬ 
set  by  the  thumbwheel  switches  is  reached,  at  which  time  the 
output  level  changes  state  (returns  to  a  five-volt  value),  reset¬ 
ting  the  system.  The  change  in  output  voltage  level  can  be  ap¬ 
plied  to  additional  control  circuitry  to  close  (or  open)  a  relay, 
actuate  a  motor  or  solenoid,  set  off  an  alarm,  or  initiate  what¬ 
ever  action  is  required  by  the  individual  installation. 
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Reader’s  Circuit.  One  of  our  many  friends  north  of  the  bor¬ 
der,  Doug  Wood  (9  Peter  Ave.,  Guelph,  Ontario,  Can.,  N1E 
ITS),  has  been  experimenting  with  light-controlled  relays  and 
feels  that  one  of  his  designs  may  be  of  interest  to  other  read¬ 
ers.  Suitable  for  use  in  a  variety  of  remote  switching  applica¬ 
tions,  his  circuit,  shown  in  Fig.  5,  features  a  pair  of  light- 
activated  SCR’s  and  two  sensitive-reed  relays.  Doug  writes 
that  he  has  used  it  as  a  TV  “commercial  killer”  and  for  switch¬ 
ing  a  radio  receiver,  operating  the  circuit  by  means  of  a  flash- 
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DVM36  $158 

3%  digit  LED  display, 
.5%  DCV  accuracy, 
battery  or  AC  operated 


DVM32  $198 

3Vz  digit  LED  display, 

.5%  DCV  accuracy, 
battery  or  AC  operated 
with  automatic  battery  saver 


DVM38  $348 

3Vz  digit  LED  display, 

.1%  DCV  accuracy, 

AC  operated,  auto-ranging, 
auto-zero,  king  size  pushbuttons 


ISO  I  B1  BATTERY  SAVING  FEATURES  WHEN  INS- 
pcv?  TRUMENT  IS  NOT  IN  USE  so  you  can  be  sure 

push  that  your  meter  wilt  be  ready  the  next  time  you 

0N  need  it.  Push  the  button  on  the  probe  on  the 
DVM35  and  DVM36  and  only  then  do  you  start  drawing  cui- 
rent  from  your  battery.  An  automatic  patented  circuit  does  the 
same  job  for  you  automatically  when  you  apply  voltage  to  the 
DVM32.  The  DVM38  is  AC  operated. 

^  <X  0  10  DAY  FREE  TRIAL  to  be  sure  that  Sencore 
digitals  are  all  that  we  say  they  are.  Simply  march 
into  your  Sencore  distributor  and  ask  for  a  free  trial 
v  “V  or  pay  cash  with  a  promise  of  a  10  day  money  back 
guarantee,  if  not  1007o  satisfied.  Or,  write  Sencore,  and  we  will 
see  that  our  distributor  contacts  you. 


[3  100%  MADE  RIGHT  LIFETIME  GUARANTEE 

so  you  can  be  sure  your  meter  was  made  right.  If 
at  any  time  you  discover  that  a  Sencore  DVM  was 
not  made  right,  Sencore  will  make  it  right,  parts  and 
labor  free  of  charge,  for  the  lifetime  of  the  product. 


Plus  other  "make  sure"  features  such  as  -  direct  reading  with  no 
paralax  error  *  no  effect  from  magnetic  fields  such  as  motors  & 
RF  fields  -  lab  accuracy  with  high  resolution  -  auto-polarity 
auto-zeroing  and  auto-ranging  on  the  DVM38  ....  and  you  can 
see  why  you  can  be  sure  more  times,  in  more  circuits,  than  with 
any  other  multimeter  on  the  market  today  -  and  for  less  money 
than  old  fashioned  analog  meters. 


NCORI 


3200  SENCORE  DRIVE 
SIOUX  FALLS.  S.D  57107 
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Fig .  5.  Circuit 
for  a  remote 
light-operated 
switch. 


light  or  camera  flash  unit.  Generally,  the  more  powerful  the 
light  source  used  as  a  trigger,  the  greater  the  control  range. 

Doug  has  interconnected  two  conventional  LASCR  control 
circuits  with  a  220-p.F  commutation  capacitor  to  form  what  is 
essentially  a  light-activated  flip-flop.  In  operation,  the  two  cir¬ 
cuits  are  activated  alternately  to  provide  the  required  switch¬ 
ing  action.  Consider,  for  example,  that  LASCR2  is  conducting, 
energizing  K2  and  permitting  the  commutation  capacitor  to 
charge  through  K1  so  that  LASCRI’s  anode  is  at  the  dc 
source  voltage.  If  light  is  now  applied  to  LASCR1 ,  this  device 
will  switch  to  a  conducting  state,  discharging  the  commutation 
capacitor  and  momentarily  removing  LASCR2's  anode  volt¬ 
age,  causing  this  device  to  switch  to  an  “open”  or  nonconduct¬ 
ing  state.  When  this  happens,  K2  is  de-energized,  K1  is  ener¬ 
gized,  and  the  commutation  capacitor  is  charged  in  the  re¬ 
verse  direction.  The  circuit  will  then  continue  to  operate  in  this 
state  until  light  is  applied  to  LASCR2 ,  at  which  time  the  action 
reverses,  with  K2  energized  and  K1  de-energized.  The  small 
diodes  across  the  relay  coils  serve  to  damp  switching  tran¬ 
sients  and  suppress  voltage  spikes,  while  the  variable  resis- 
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tors  in  the  LASCR  gate-cathode  circuits  act  as  sensitivity  con¬ 
trols. 

With  neither  parts  placement  nor  the  wiring  arrangement 
especially  critical,  the  circuit  may  be  duplicated  using  any  pre¬ 
ferred  construction  technique.  Doug  does  suggest,  however, 
that  the  LASCR’s  be  mounted  inside  fiberboard,  plastic  or 
metal  tubes  (preferably  with  flat  black  interiors)  to  insure  a  di¬ 
rectional  response  characteristic  and  avoid  false  triggering  by 
extraneous  light.  The  LASCR’s  are  inexpensive  low-voltage 
types  (typically,  Radio  Shack  No.  276-1096),  and  the  diodes 
are  general-purpose  silicon  rectifiers,  such  as  type  1N4001. 
Standard  100k  potentiometers  are  used  as  the  sensitivity  con¬ 
trols.  The  commutation  capacitor  should  be  a  nonpolarized 
type;  if  this  type  is  not  available,  one  can  be  made  up  by  con¬ 
necting  two  400-  to  500-p.F,  1 0-to-1 5-volt  dc  electrolytics  in 
series  back-to-back.  Although  Doug  used  reed  relays  for  K1 
and  K2  in  his  model  (typically,  Radio  Shack  No.  275-230), 
conventional  relays  may  be  used  if  preferred  (such  as  CA- 
LECTRO  type  D1-966).  The  on-off  switch,  SI ,  is  a  spst  tog¬ 
gle,  slide  or  rotary  type.  Operating  power  is  supplied  by  a  9- 
volt  battery  or  line-operated  dc  power  supply. 

After  the  circuit  assembly  is  completed  and  double-checked 
for  possible  errors,  the  unit’s  operation  can  be  tested  by  using 
a  sharply  focused  flashlight  to  trigger  first  one,  then  the  other, 
LASCR,  listening  for  the  relay  “clicks”  signifying  contact  open¬ 
ing  and  closure-.  Next,  the  relay  ( K1  and  K2)  contacts  are  con¬ 
nected  to  switch  the  external  load,  taking  care  to  observe  the 
relay  contacts'  maximum  ratings.  If  heavy  power  loads  are  to 
be  switched,  it  may  be  necessary  to  add  additional  “booster” 
relays.  Finally,  the  control  unit  is  mounted  in  its  desired  oper¬ 
ating  position  and  the  sensitivity  controls  are  adjusted  for  op¬ 
timum  performance.  The  ideal  settings  are  those  which  insure 
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Some  of  the  most  exciting  electronic  kits  ever  to  come  along  are 
described  in  this  NEW  Heathkit  Catalog. 


NEW!  HW-2036  Synthesized  2-meter 
Amateur  Radio  Transceiver. 

Our  finest  2-meter  unit  ever,  with  all  the  operating 
convenience  and  versatility  you  need  for  reliable  2- 
meter  communications.  Features  complete  offset  cap¬ 
ability  and  a  built-in  continuous  tone  encoder  to  ac¬ 
cess  repeaters,  plus  new  performance  specifications 
that  set  an  industry  standard. 

NEW!  AR-1515  Stereo  FM-AM  Receiver. 

Outstanding  specifications  and  performance  make 
the  AR-1515  receiver  the  “heart”  of  any  truly  sophis¬ 
ticated  stereo  system.  70  watts,  minimum  RMS,  per 
channel  into  8  ohms  with  less  than  0.08%  total  har¬ 
monic  distortion  from  20-20,000  Hz.  Plus  digital  fre¬ 
quency  readout  and  advanced  styling  others  will  be 
sure  to  copy. 

NEW!  GR-2001  Computerized  Color  TV. 

The  most  convenient  color  TV  system  ever  — you 
“program”  it  to  change  channels  when  you  want.  You 
can  sequence  an  entire  evening’s  viewing,  then  just 
sit  back  and  relax.  You  can  also  “program”  children’s 
viewing  so  they  watch  only  what  you  want  them  to 
watch.  You  can  even  have  the  GR-2001  automatically 
rotate  your  outdoor  antenna  for  the  best  reception 
from  each  station.  A  truly  sensational  color  TV  break¬ 
through! 

PLUS  nearly  400  other  superb,  easy-to-build,  money¬ 
saving  products.  You'll  find  a  complete  line  of  digital 
electronic  clocks  and  weather  instruments  that  give 
you  important  information  “by  the  numbers”  and  with 


electronic  accuracy.  Items  for  your  car,  home  or  of¬ 
fice  including  an  exciting  combination  clock/indoor- 
outdoor  temperature  monitor  with  a  special  tempera¬ 
ture  alarm. 

Our  self-study  courses  are  now  in  use  by  the  thou¬ 
sands!  A  really  effective  and  low-cost  way  to  teach 
yourself  about  electronics  for  fun,  for  knowledge,  or 
for  profit.  We  also  have  a  wide  selection  of  popular 
books  covering  almost  everything  in  electronics. 

There  are  many  more  exciting  products  to  read  about 
too!  Home  convenience  items  like  a  practical  freezer 
alarm,  a  touch-control  light  switch,  intercoms  and  a 
unique  doorbell  that  lets  you  program  a  tune  of  your 
choice.  Automotive  instruments  and  accessories  that 
help  you  keep  your  car  running  right  for  top  perfor¬ 
mance  and  economy.  Marine  equipment  that  will  make 
you  a  better  boater  and  fisherman.  Model  aircraft 
Radio  Control  gear  to  give  you  championship  perfor¬ 
mance.  Security  systems  to  protect  your  home  and 
family.  And  of  course,  our  world-famous  Amateur 
Radio  equipment  and  test  and  service  instruments. 

These  are  among  the  nearly  400  quality,  fun-to-build 
kits  described  in  this  new  Heathkit  catalog.  Kits  for 
every  interest.  All  with  the  world-famous  Heathkit 
assembly  manual  —  a  step-by-step  instruction  guide 
that  makes  kitbuilding  easy  and  leaves  nothing  to 
chance.  And  all  backed  by  our  “We  won’t  let  you 
fail”  promise.  Find  out  about  the  satisfaction,  savings 
and  FUN  of  kitbuilding. 

Send  for  your 
FREE  copy  today! 


HEATH 


Schlumberger 


Heath  Company 

Benton  Harbor,  Michigan  49022 


Please  send  me  my  FREE  Heathkit  Catalog. 
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positive  actuation  by  the  controlling  light  source  but  avoid 
false  triggering  by  variations  in  ambient  light  levels. 


Sinclair  DM2  Multimeter 

COMPREHENSIVE,  ACCURATE,  PORTABLE  and  REALLY  RUGGED 

State-of-the-art  circuit 
design,  incorporating 
high-quality  components, 
has  resulted  in  a  pro¬ 
fessional,  3-1  /2  digit  in¬ 
strument  of  outstanding 
performance  and  reliabil¬ 
ity  at  a  realistic  price. 

A  custom-designed  MOS 
LSI  digitol  processing  1C 
controls  the  outo-polority 
dual-slope-integratian  A 
ta  D  converter.  The  cir¬ 
cuit  built  around  this  1C  uses  a  MOSFET  op-amp  input  buffer  with  0.1  %  metol-film 
resistors.  The  result  is  excellent  accuracy  ond  stability  with  o  very  high  bosic  input 
impedance.  The  instrument  reads  to  +.1  999  ond  hos  o  basic  accuracy  an  the  1  VDC 
range  of  0.3%  +.1  digit.  Four  8  mm  LED  displays  provide  excellent  legibility  and 
angle  of  view.  Front  ponel  switch  provides  battery  or  line  operation.  10  day 
money-bock  guarantee.  1  year  manufacturer’s  warranty 


Credit  Card  and  Company  P.0. 

PLEASE  SEND  ME: 

DM2  Multimeter 

- (includes  AC  adapter)  $99.50 

Carying  Case  $19.95 

Power  Pack  $3.90 

Add  $3.50  shipping  and  handling. 

Check  or  money  order  enclosed 

fnr  $ 

’s  call  (516)  829-5858 

tecluiMnlor 

trends 

P.0.  BOX  732 
MANHASSET,  NY  11030 
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Exp  Date: 

State _  Zip 
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1702A  MANUAL  EPROM  PROGRAMMER 

Features  hex  keypad,  two 
digit  hex  address  and  two 
digit  hex  data  display.  Con¬ 
trols  include  load.  clear,  go! 

(step),  key/copy,  data  in/ 
data  out,  and  counter  up/ 
down.  Profile  card  includes 
high  voltage  pulse  regulator, 
timing,  8  bit  address  and  8 
bit  data  drivers/receivers.  Two  6V2"  x  9"  stacked  cards  with 
spacers.  Allows  programming  in  20  minutes  —  copying  in 
5  minutes.  Requires  +5,  —9,  and  +80  volts. 

ASSEMBLED  . $299.95 

KIT . $189.95 

NOW 

The  best  of  two  worlds . . .  use  our  1 702  EPROM  programmer 
as  a  manual  data/address  entry  programmer ...  or  connect  it 
to  your  processor. 

IMSAI/ALTAIR  computer  interface  (requires  3  output  ports, 

+  1  input  port)  and  software  . $49.95 

Briefcase  unit  with  power  supplies  and  interface  connectors 
(assembled  and  tested  only)  . $599.95 


ANNOUNCING 

Our  NEW  16K  Byte  Pseudo-Static,  IMSAI/ALTAIR  compat¬ 
ible  RAM.  Single  card  slot.  Uses  less  power  than  equivalent 
low  power  RAM.  All  memory  chips  socketed.  Uses  all  prime, 
factory  fresh  ICs.  High  quality,  two-sided,  through-hole- 
plated  circuit  board.  Crystal  controlled,  totally  invisible 
refresh  system  requires  NO  software  management.  Just  plug 
it  in  and  use  like  STATIC  memory. 


Complete  kit . $349.95 

Assembled,  tested,  and  burned  in  . $549.95 


ASSOCIATED  ELECTRONICS 

12444  Lambert  Circle  •  Garden  Grove,  CA  92641 
(714)539-0735 
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Device  and  Product  News.  Motorola  has  introduced  a  bi¬ 
polar  LSI  circuit  that  should  be  of  interest  to  advanced  experi¬ 
menters  working  with  microprocessor  systems.  The  new  de¬ 
vice,  called  a  Priority  Interrupt  Controller  (PIC),  allows  priority 
control  on  the  interrupt  inputs  to  a  microprocessor  and  has 
been  dually  designated  the  MC8507/MC-6828  to  indicate  that 
its  performance  has  been  optimized  for  the  M6800  micro¬ 
processor  system.  However,  it  also  may  be  used  in  non- 
M6800  applications.  Basically,  the  PIC  eliminates  the  software 
interrupt  polling  routing  in  systems  containing  eight  or  multi¬ 
ples  of  eight  I/O  devices,  such  as  the  Peripheral  Interface 
Adapter  (PIA),  Asynchronous  Communications  Interface 
Adapter  (ACIA),  Synchronous  Serial  Data  Adapter  (SSDA), 
and  so  on.  Functionally,  the  PIC  can  change  the  interrupt  vec¬ 
tor,  reserved  in  memory  for  hardware  interrupts,  into  one-of- 
eight  alternate  vectors  assigned  to  the  I/O  service  routines. 
The  PIC  modifies  the  low-order  bytes  of  the  reserved  interrupt 
address.  The  MC8507/MC6828  is  offered  in  both  ceramic  and 
plastic  24-pin  DIP’S. 

On  the  other  hand,  if  you’re  working  with  conventional  logic 
circuits  used  in  critical  areas,  you  may  want  to  investigate  two 
new  IC’s  announced  recently  by  Teledyne  Semiconductor 
(Mountain  View,  CA  94040).  Designed  for  applications  in  high 
(electrical)  noise  areas,  the  HiNIL  306  and  307  both  contain 
two  2-input  NOR  gates  and  two  3-input  NOR  gates.  The  306 
features  active  pullup  outputs  and  10-mA  output  drive  cur¬ 
rents,  which  permits  it  to  drive  lines  up  to  10  feet  without  loss 
of  noise  immunity.  The  307  has  open  collectors  so  the  outputs 
can  be  collector  OR’d.  Both  devices  operate  on  1 0  to  1 6  V  dc. 
Typical  applications  include  CMOS  input  interface,  industrial 
controls,  medical  instrumentation,  and  marine  electronics. 
The  HiNIL  306  and  307  are  available  in  standard  16-pin  DIP’S 
in  both  plastic  and  ceramic  versions. 

National  Semiconductor  Corporation  (2900  Semiconductor 
Drive,  Santa  Clara,  CA  95051),  has  combined  classical  circuit 
techniques  with  an  ion-implanted  p-channel  MOS  process  to 
create  a  new  low-cost  8-bit  analog-to-digital  converter.  Desig¬ 
nated  type  MM5357,  the  new  A/D  converter  contains  a  chain 
of  256  identical  resistors  connected  in  series,  255  analog 
switches,  a  high-impedance  input  comparator,  output  latches, 
and  control  logic  on  a  single  monolithic  chip.  In  operation,  con¬ 
version  is  performed  using  the  successive  approximation 
technique,  whereby  an  unknown  analog  voltage  is  compared 
to  the  voltages  at  the  resistor  tie  points  by  means  of  analog 
switches.  A  1 0-volt  reference  applied  across  the  resistor  chain 
sets  256  precision  voltages  against  which  the  unknown  input 
voltage  is  compared  by  the  analog  switches  under  control  of 
the  on-chip  logic.  Requiring  +5  and  -12  V  dc  sources  and 
dissipating  approximately  1 70  mW,  the  MM5357  is  supplied  in 
an  18-pin  Epoxy-B  DIP. 

National  Semiconductor  also  has  developed  a  new  series  of 
monolithic  frequency-to- voltage  converters  with  a  combination 
high-gain  op-amp-and-comparator.  Identified  as  the  LM2907 
and  LM2917  tachometer  speed  switches,  they  are  specifically 
designed  to  operate  relays,  lamps,  and  other  components 
when  the  input  frequency  reaches  or  exceeds  a  selected  rate, 
and  are  especially  suited  for  speedometers,  tachometers  and 
automotive  lock  and  clutch  controls  where  over-or-under 
speed  sensing  is  required.  The  devices  use  a  combination  op- 
amp-and-comparator  with  a  floating  transistor  as  output,  and 
can  furnish  either  a  supply-referenced  load  of  50  mA  or  a 
swing-to-ground  for  zero  frequency.  O 
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FLIP-FLOPS  AND  DECADE  COUNTERS— PART  1 


Counting  circuits  perform  many  im¬ 
portant  roles  in  digital  electronics. 
They  are  used  to  measure  frequency, 
compute  time,  divide  pulse  streams  by  a 
fixed  constant,  generate  signal  se¬ 
quences,  and  perform  many  other  useful 
operations. 

The  common  flip-flop  is  a  fundamental 
counter  circuit.  The  best  way  to  under¬ 
stand  a  flip-flop  is  to  build  an  ultra-sim¬ 
ple  flip-flop  from  a  pair  of  inverters.  But 
first,  let’s  establish  a  couple  of  important 
definitions. 

In  digital  electronics  an  electrical  sig¬ 
nal  is  either  high  or  low.  These  two 
states  are  used  to  represent  the  binary 
bits  1  and  0.  In  positive  logic,  1  is  high 
and  0  is  low.  Negative  logic  means  1  is 
low  and  0  is  high.  Since  digital  logic  IC’s 
commonly  operate  from  a  single-ended 
power  supply,  a  high  state  represents  a 
voltage  near  the  supply  voltage.  A  low 
state  represents  a  voltage  near  0  volt  or 
ground. 

With  these  basic  definitions  in  mind, 
we  can  easily  design  a  simple  flip-flop 
from  two  of  the  six  inverters  in  a  7404 
hex  inverter.  As  you  may  already  know, 
the  signal  at  the  input  of  an  inverter  is 
changed  from  high  to  low  (or  from  low  to 
high)  at  the  output.  All  we  have  to  do  to 
make  a  simple  flip-flop  is  connect  the  in- 


Fig.  1.  The  basic  flip-flop. 

verters  in  crisscross  fashion  as  shown  in 
Fig.  1 .  When  the  output  of  the  upper  in¬ 
verter  is  high,  the  output  of  the  lower  in¬ 
verter  is  low.  Similarly,  when  the  output 
of  the  upper  inverter  is  low,  the  output  of 
the  lower  inverter  is  high.  We  therefore 
have  a  circuit  which  can  occupy  one  of 
two  stable  states.  That,  of  course,  is  the 
simplest  definition  of  the  flip-flop. 

Figure  2  shows  a  practical  version  of 
this  ultra-simple  flip-flop  with  an  LED 
state  indicator  at  both  outputs.  The  re¬ 
sistor  limits  current  through  the  LED’s  to 
a  safe  10  milliamperes  or  so.  You  can 
assemble  the  circuit  on  a  molded  plastic 
solderless  breadboard  (a  must  for  ex¬ 
perimenters  and  design  engineers  alike) 
in  a  few  minutes.  If  you  don’t  have  a  5- 
volt  supply,  use  a  fresh  6-volt  battery 
and  drop  the  voltage  to  about  5  volts 
with  a  1 N914  diode  connected  so  that  it 
is  forward  biased  between  the  battery’s 
positive  terminal  and  the  circuit. 

When  power  is  applied  to  the  circuit, 

Fig .  3 .  7473  flip-flop  with 
555  clock  circuit. 


JlfUL 


Fig.  2.  Practical  version  of 
two-inverter  flip-plop. 


one  of  the  LED’s  will  glow.  Momentarily 
grounding  the  set  input  will  cause  only 
the  Q  output  LED  to  flow.  If  the  reset  in¬ 
put  is  momentarily  grounded,  only  the  Q 
LED  will  glow.  Note  that  the  LED  contin¬ 
ues  to  glow  after  the  input  signal  is  re¬ 
moved.  This  memory  or  latching  action 
is  the  key  to  the  operation  of  many  kinds 
of  complex  logic  circuits. 

The  ultra-simple  flip-flop  in  Fig.  2  is 
not  practical  for  counting  applications. 
However,  it’s  possible  to  make  a  binary 
counter  by  using  gates  instead  of  invert¬ 
ers,  and  by  adding  a  couple  of  gates 
which  allow  the  circuit  to  flip  or  flop  only 
on  command  from  an  external  clock 
pulse. 

The  7473  Dual  J-K  Flip-Flop.  We 

can  actually  assemble  a  clocked  flip-flop 
from  the  four  gates  in  a  7400  quad 
NAND  Gate,  but  a  far  more  convenient 
approach  is  to  use  a  ready-made  ver¬ 
sion  such  as  the  7473  dual  J-K  flip-flop. 
This  flip-flop  will  toggle  back  and  forth 
between  its  two  output  states  when  con¬ 
nected  to  a  555  clock  circuit  as  shown  in 
Fig.  3. 

The  circuit  in  Fig.  3  makes  a  nice  dual 
LED  flasher — but  it  also  demonstrates 
the  important  flip-flop  applications  of 
counting  and  dividing.  You  can  see  this 
by  assembling  the  circuit  on  a  solderless 
breadboard  (which  I  urge  you  to  do),  and 
disconnecting  the  cathode  of  the  LED  at 
the  Q  output  (pin  13  of  the  7473)  and 
connecting  it  to  the  clock  output  of  the 
555  (pin  3).  Now,  if  you  slow  down  the 
clock  frequency  to  a  few  Hertz  by  adjust¬ 
ing  the  100K  pot,  you  will  see  that  the 
LED  at  the  Q  output  of  the  flip-flop 
flashes  at  exactly  half  the  rate  of  the 
LED  connected  to  the  clock.  In  other 
words,  the  flip-flop  is  functioning  as  a  di- 
vide-by-two  counter. 

All  kinds  of  possibilities  open  up  if  we 
connect  the  unused  Q  output  of  the  flip- 
flop  to  the  clock  input  of  the  second  flip- 
flop  in  the  7473.  Figure  4  shows  how  to 
wire  things  together  on  your  solderless 
breadboard.  Obviously  the  second  flip- 
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flop  in  this  new  circuit  will  receive  only 
half  as  many  clock  pulses  as  the  first 
flip-flop.  Therefore  its  Q  LED  will  flash  at 
only  one-fourth  the  rate  of  the  clock  fre¬ 
quency.  So  now  we  have  a  divide-by- 
four  counter.  And  this  gives  us  a  two-bit 
binary  counter  circuit. 

To  see  how  the  circuit  operates  as  a 
two-bit  counter,  remove  the  CLOCK 
LED  and  arrange  the  two  flip-flop  LED’s 
so  the  one  which  is  connected  to  the 
second  flip-flop  (the  slow  one)  is  to  the 
left  of  the  other  one.  By  slowing  down 
the  clock  you’ll  see  this  flash  sequence 
(off  =  0;on  =  1): 


LEDB 

0 

0 

1 

1 

0 


LED  A 
0 
1 
0 
1 
1 


(etc.) 

This  binary  sequence,  of  course,  cor¬ 
responds  to  the  decimal  count  0  ...  1 
...2...3...0...  etc.  The  circuit 
is  called  a  two-bit  counter  since  it  recy¬ 
cles  when  the  count  exceeds  two  bits. 

A  really  useful  counter  can  be  made 
by  cascading  four  flip-flops  to  give  four- 
bit  capability.  This  would  permit  a  deci- 
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□  DP  AMP  Circuit  Design  8  Applications.  280  p..  239  il. 

□  Master  Hdbkot  Digital  Logic  Appl.  392  p..  28711. 

□  CET  License  Handbook  2nd  ed.  448  p..  3B1  il. 

□The  Electronic  Musical  Instr.  Manual.  210  p.,  385 II. 

□  Microprocessor/Microprograming  Hdbk.  294  p.,  176  il. 

□  Sourcebook  ot  Electronic  Organ  Circuits.  168  p.,  101  II. 

□  Build  Your  Own  Working  Robot.  238  p..  83  il. 

□CBer’s  Handybook  ol  Simple  Hobby  Projs.  168  p.  114  il. 

□  Fire  &  Theft  Security  Systems  2nd  ed.  192  p..  11411. 

□  Howto  Rpr.  Home  Laundry  Appliances.  280  p..  137  il. 

□  Pilollngjtlavigation  &  Pocket  Calculator.  392  p.,  233 II. 
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L-lHow To  Make  YourOwn  Built-In  Furniture.  336  p..  758  il. 

□  Homeowner  s  Handy  “Do-tT  Manual.  280  p.,  84  il. 

□  Building  Model  Ships  From  Scratch.  378  p.,  84  il. 
UHomeowner’s  Guide  to  Saving  Energy.  196  p. .  183  il. 

□  Customizing  Your  Van.  192  p..  150  il. 

□The  Woodworker's  Bible.  434  p.,  1151  il. 

□  Dog  Owner’s  Medical  Manual.  252  p..  237  il. 

□  How  to  Train  a  Watchdog.  224  p..  45  il. 

□  Motorcycle  RepairHandbook.  392  p..  260  il. 

□  Step-By-StepGuide:  Carburetor  Tuneup/Overhaul.  224  p. 
□Complete  Hdbk  of  Model  Railroading.  350  p.,  238  il. 

□  Homeowner’s  Guide  To  Solar  Heating/Coaling.  196  p. 

□  Do-ll-Yourselfor’s  Guide:  Home  Plan/Constr.  238  p. 

□  Step-By-Step  Guide  to  Brake  Servicing.  238  p..  248  II. 

□  Slep-By-Slep  Guide:  Chrysler  Eng.  Maint.Ttpr.  256  p. 

□  Subcontract  Your  House:  Bldg.Ttemodel.  196  p..  63  il. 

□  Auto  Electronics  Simplified.  256  p..  20211. 

□  The  Complete  Auto  Electric  Handbook.  210  p..  139  il. 

□  Concrete  &  Masonry.  392  p.,  213  il. 

□  Practical  Home  Constr. /Carpentry  Hdbk.  448  p.,  180  it. 

□  Howto  Repair  Diesel  Engines.  308  p..  23711. 

□  Central  Heatlng/AtrCond.  Repair  Guide.  320  p..  285  II. 

□  Small  Appliance  Repair  Guide—  Vol.  2.  210  p..  119  il. 

□  Elect.  Wlringlightlng  For  Home/Office.  204  p..  155  il. 

□  How  to  Repair  Small  Gasoline  Engines.  2nd  Ed.  392  p. 

□  How  to  Repair  Home/Auto  Air  Cond.  208  p..  over  100  il. 
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□  Modem  Electronics  Math.  686  p.  424  il. 

□  Master  Hdbk  oMOOl  Prac.  Electr.  Circ.  602  p..  1250 II. 

□  impedance.  196  p.T  90  il. 

□  intro  to  Medical  Electronics-2nd  ed.  320  p.,  126  il. 

□  Computer  Programming  Handbook.  518  p..  1 14  il. 

□  Computer  Technician's  Handbook.  460  p..  over  400  il. 

□  Microelectronics.  266  p..  228  il. 

□  Basic  Digital  Electronics.  210  p..  117  il. 

□  Switching  Regulators/Powei  Supplies.  252  p..  128  il. 

□  Adv.  Appl.  lor  Pocket  Calculators.  304  p..  275  il. 

□Tower’s  Intern.  Transistor  Selector,  140  p.  (7‘‘  xIO ") 

□  Electr.  Conversions.  Symbols/Formulas.  224  p.,  252  il. 

□  Effective  T'shooting  with  EVM/Scope.  238  p..  185  il. 

□  Getting  the  Most  Out  of  Electronic  Culculators.  204  p. .2811. 

□  Aviation  Electronics  Handbook.  406  p..  227  il. 

□How  to  Test  Almost  Everything  Electr.  160  p..  144  il. 

□  Digltalitogic  Electronics  Handbook.  308  p..  226  il. 

□  Modem  Applications  of  Linear  fC’s.  276  p..  301 II. 

□  10-Minute  Test  Tech.  For  PC  Svcg.  216  p. .  114  il. 

□  Electr.  Unraveled —  New  Commonsense  Approach.  228  p. 

□  How  To  Tshoot/Repair  Electr.  Test  Eqpt.  252  p..  143  il. 

□  UndentandingAJsingthe  Oscilloscope.  272  p..  170  il. 

□  Industrial  Electr.:  Principles  &  Practice.  416  p..  380  il 

□  Dictionary  ot  Electronics.  420  p..  487  il. 
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:olor  TV  Trouble  Factbk—  Protocols  3rd  ed.  434  p.  $5.95 

□  Solid-State  Color  TV  Photo/Symp.  Guide.  224  p..  169  il.  $5.95 

□  Beginner's  Guide  to  TV  Repair.  176  p..  50  il.  $4.95 

□T'shooting  With  the  Dual-Trace  Scope.  224  p..  252  il.  $5.95 

□  TV  Troubleshooter’s  Hdbk— 3rd  ed.  448  p..  over300  il.  $4.95 

□  Color  TV  Case  Histories  illustrated.  238  p..  219  il.  $5.95 

□  TV  Schematics:  Read  Between  the  Lines.  252  p.,  188  il.  $5.95 

□  Logical  Color  TV  Troubleshooting.  240  p..  151  il.  $5.95 


□TV  Bench  Servicing  Techniques.  228  p..  177  il.  $4.95 

□  Modem  Radio  Repair  Techniques.  260  p..  36  il.  $4.95 

□How  to  Interpret  TV  Waveforms.  256  o..  250  il.  $4.95 

□All-In-One  TV  Alignment  Handbook.  304  p..  145  il.  $5.95 
□TV  Tuner  Schematic/Servicing  Manual.  224  p..  287  il.  $6.95 

□  Howto  Use  Color  TV  Test  Instruments.  256  p..  230  it.  $5.95 

□Home-Call  TV  Repair  Guide.  144  p.,  20  il.  $3.95 

□  Pinpoint  TV  Troubles  in  10  Minutes.  327  p . ,  394  il.  $5.95 

CB  Schematic  Svcing.  Manuals  each  200  p.,  $5.95.  DVol  1  Kris 
Browning,  Hy-gain,  Penney's,  DVol.  2  Teaberry.  Unimetrics. 
Pearce-SImpson,  Siltronlx,  DVol.  3  E.F.  Johnson.  SBE-Linear. 
Sonar.  Royce,  □Vol. 4  Pace  Fanon/Courier. 

□  2nd  Class  FCC  Encyclopedia.  602  p..  445  il.  $7.95 

□Complete  Shortwave  Listener’s  Hdbk.  288  p.,  101  il.  $6.95 
□CB  Radio  Operator's  Guido— 2nd  ed.  256  p..  139  il.  $5.95 

□  How  to  Hear/Speak  CB  In  a  Short-Short.  172  p.,  85  il.  $3.50 

□  Pictorial  Guide  to  CB  Radio  Install/Rpr.  256  p..  304  il.  $5.95 

□Practical  CB  Radio  T'shooting  A  Repair.  238  p..  108  il.  $5.95 
□Complete  FM  2-Way  Radio  Hdbk.  294  p..  Ill  if.  $6.95 

□  Amat.  FM  Con  vers  ion/Constr.  Projs.  256  p.,  187  il.  $5.95 

□  Bdcst  Annc'r.  3rd  Class  FCC  Study  Guide.  16B  p..  19  il.  $3.95 

□  HowTo  Be  A  Ham—  Incl.  Latest  FCC  Rules.  192  p.,  25  il.  $3.95 

□  Commercial  FCC  License  Handbook.  444  p..  150  il.  $5.95 

□  The  2-Meter  FM  Repeater  Circuits  Hdbk.  312  p..  194  il.  $6.95 

□  RHY  Handbook.  320 p..  23011.  $6.95 

□  Citizens  Band  Radio  Service  Manual.  228  p..  84  H.  -  $5.95 

AMATEUR  RADIO  STUDY  GUIDES:  □Novice  $5.95  □General 

$7.95  □  Advanced  $5.95  □  Extra  $5.95  □  Incentive  $4.95 
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□  How  to  Read  Electronic  Circuit  Diagrams.  192  p.,  140  il.  $4.95 

□  21  Simple  Trans.  Radios  You  Can  Build.  140  p.,  12211.  $3.95 

□  Basic  Electricity-Beginning  Electronics.  252  p.t  191  il.  $5.95 

□  Radio  Control  tor  Models.  350  p..  417  il.  $6.95 

□  MOSFET  Circuits  Guidebook.  196  p.,  104  il.  $4.95 

□  Prac.  Circuit  Design  for  the  Experimenter.  196  p . .  119  il.  $4.95 

□  ill  Digital  &  Linear  1C  Projects.  210  p.,  275  il.  $5.95 

□  Radio  Astronomy  for  the  Amateur.  252  p.,  96  il.  $5.95 

□  Buiid-lt  Book  of  Mini  Testffless.  Instr.  238  p.,  151  il.  $4.95 

□  RF  A  Digital  Test  Eqpt.  You  Can  Build.  252  p.,  217  il.  $5.95 

□  Miniature  Projects  For  Electr.  Hobbyists.  16Bp..77il.  $3.95 

□  Practical  Triac^CR  Projs.  For  The  Exp.  192  p. .  146  il.  $4.95 

□  Integrated  Circuits  Guidebook.  196  p..  119  il.  $5.95 

□  Solid-State  Circuits  Guidebook.  252  p.,  227  H.  $5.95 

□  Electronics  For  Shutterbugs.  204  p.,  109  il.  $5.95 

□  Prac.  Tesl  Instruments  You  Can  Build.  204  p.,  157  il.  $4.95 

□  How  to  Build  Solid-Slate  Audio  Circuits.  320  p..  190  il.  $5.95 

□  Radio-Electronics  Hobby  Projects.  192  p.,  214  il.  $4.95 

□  Handbooh  of  1C  Circuit  Projects.  224  p..  136 II.  $4.95 

□  Solid-State  Projs.  lor  the  Experimenter.  224  p.,  22811.  $4.95 

□  Electronic  Experimenter's  Guidebook.  182  p.,  86  il.  $4.95 

□  125  One-Transistor  Projects.  192  p.,  125  il.  $4.95 

□  64  Hobby  Projects  for  Home  A  Car.  192  p.,  159  il.  $4.95 
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□  Electronic  Music  Circuit  Guidebook.  224  p.,  180  il.  $6.95 

□  Q  A  A  About  Tape  Recording,  264  p.,  102  il.  $5.95 

□  Handbook  ot  Multichannel  Recording.  322  p..  196  il.  $7.95 

□  Auto  Stereo  Service  A  Installation.  252  p. ,  245  il.  $5.95 

□Srvc.  Cassette  A  Cartridge  Tape  Piayers.  294  p..  196  il.  $6.95 

□  Experimenting  With  Electronic  Music.  180  p.,  103  II.  $4.95 

□  Cassette  Tape  Recorders.  How  WorfoCareflepair.  204  p.  $4.95 
□Acoustic  Techniques  for  Home  AStudio.  224  p..  168  il.  $5.95 

□  Pictorial  Guide  to  Tape  Recorder  Rprs.  256  p. .  320 II.  $4.95 

□  How  Id  Repair  Musical  Instrument  Amps.  288  p. ,  50  li.  $5.95 

□  Jap.  Radio.  Record.  Tape  Player  Srvcg.  Manual.  228  p.  $6.95 

□  Servicing  Electronic  Organs.  196  p.,  158  il.  $7.95 

□  Tape  Recording  tor  Fun  A  Protlt.  224  p..  over  200  il.  $5.95 
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mal  count  of  from  O  to  15.  By  means  of 
external  connections  which  automatical¬ 


ly  reset  the  counter  when  a  desired 
count  has  been  reached,  a  range  of 
count  intervals  could  then  be  achieved. 

Several  quad  flip-flop  (four-bit)  coun¬ 
ter  chips  are  available  so  there  is  no 
need  to  use  separate  gate  or  flip-flop 
packages.  Since  a  O  to  9  count  has  more 
applications  than  a  full  O  to  15  count  (at 
least  for  us  decimal-oriented  human  be¬ 
ings!)  let’s  take  a  look  at  the  7490  Dec¬ 
ade  Counter. 

7490  Decade  Counter.  As  its  name 
implies,  the  7490  Decade  Counter  is  pri¬ 
marily  intended  for  O  to  9  counting.  To 
provide  a  range  of  applications,  one  of 
its  internal  flip-flops  is  not  connected  to 
the  others.  This  gives  two  separate 
counters  in  one  package:  a  divide-by- 
two  and  a  divide-by-five.  Connecting  the 
A  output  (pin  12)  to  the  CLOCK  input  of 
the  divide-by-two  flip-flop  (pin  14)  forms 
a  chain  of  four  flip-flops  which  counts 
from  OOOO  to  1001  (O  to  9)  before  recy¬ 
cling. 


Figure  5  shows  how  to  connect  the 

7490  to  the  555  clock  of  Fig. 

3.  When 

the  circuit  is  running,  you  will  obtain  the 

following  count  sequence: 

D  C  B  A 

OOOO 

(0) 

OOOI 

(1) 

OOIO 

(2) 

0  0  11 

(3) 

0  10  0 

(4) 

0  10  1 

(5) 

0  110 

(6) 

0  111 

(7) 

10  0  0 

(8) 

10  0  1 

0) 

0*  0  0  0 

(0) 

0  0  0  1 

(1) 

(etc.) 

In  simplest  terms,  the  four  flip-flops  in 
the  7490  count  from  0  to  9  and  then  re- 

cycle. 

o 
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Hobby  Scene  / ^ 


By  John  McVeigh 


Have  a  problem  or  question  on  circuitry,  compo¬ 
nents,  parts  availability,  etc?  Send  it  to  the  Hobby 
Scene  Editor,  popular  electronics,  One  Park 
Ave.,  New  York,  NY  10016.  Though  all  letters  can’t 
be  answered  individually,  those  with  wide  interest 
will  be  published. 


LOW-POWER  AUDIO  AMP 
Q.  Can  you  show  me  a  schematic  for 
an  audio  amp  to  boost  signals  from 
my  crystal  set?— Rick  Laird ,  Omaha , 
NE 

A.  The  LM380  audio  amplifier  is  well 
suited  for  this  application.  It  has  a  high 
input  impedance,  requires  a  single- 
ended  power  supply,  and  will  deliver  up 


+8-18  V 


to  2.5  watts  or  more  of  output  power  to 
an  8-ohm  speaker.  Note  that  seven  pins 
of  the  1C  are  tied  together  and  grounded. 
They  should  be  connected  to  a  heat  sink 
(such  as  a  large  copper  “land”  on  a  pc 
board)  at  least  six  square  inches  (38.7 
cm2). 


40-CHANNEL  CB  MODIFICATION 
Q.  I  own  a  Royce  Model  1-602A  23- 
channel  mobile  transceiver  and 
would  like  to  have  it  modified  to  cov¬ 
er  the  expanded  Citizens  Band.  Can  I 
do  this?— Don  J.  Chillstrom,  Wicken- 
burg,  AZ. 

A.  As  a  general  rule,  23-channe!  trans- 
cievers  will  not  be  able  to  be  adapted  to 


Q.  Do  you  have  a  simple  circuit  for 
checking  crystals  in  the  2-  to  6-MHz 
range? — William  J .  Bills,  Maitland , 
FL. 

A.  This  tester  can  be  used  with  crystals 
over  the  0.1-to-10-MHz  range.  The  lamp 


cover  the  1 7  new  channels.  In  fact,  the 
FCC  has  specifically  prohibited  the  use 
of  external  add-on  circuits  to  expand 
channel  coverage.  However,  there  is 
one  twist.  Some  manufacturers  of  PLL- 
synthesis  transceivers  are  offering  to 
“re-manufacture”  rigs  to  cover  the  full  40 
channels.  The  use  of  phase-locked 
loops  in  frequency  generation  makes 
this  rather  simple.  The  principal  modifi¬ 
cation  involves  adding  more  combina¬ 
tions  to  the  +N  part  of  the  synthesizer. 
The  FCC  has  not  objected  to  this  pro¬ 
gram.  Your  transceiver  uses  crystal  syn¬ 
thesis,  and  therefore  cannot  be  so  modi¬ 
fied.  Note,  however,  that  it  is  permissa- 
ble  to  use  receiving  converters  with  any 
receiver.  Such  a  converter  could  be 
teamed  up  with  your  car  radio  for  full- 
band  coverage.  A  representative  circuit 
appeared  in  the  October  1 976  issue  of 
Popular  Electronics. 


(a  GE  1869,  10-volt,  14-mA  type  or 
equivalent)  will  light  when  the  crystal  is 
not  in  the  circuit  or  is  bad  and  when  the 
switch  is  closed.  When  a  good  crystal  is 
installed,  the  circuit  oscillates  and  cur¬ 
rent  through  the  lamp  drops  below  10 
mA.  The  lamp  will  then  dim  or  go  out. 


CRYSTAL  CHECKER 


TONE-ACTIVATED  RELAY 
Q.  I  have  built  a  digital  clock  using  a 
Mostek  MK50252N  chip  which  incor¬ 
porates  a  “beeper”  alarm.  Is  there  a 
circuit  I  can  add  which  will  convert 
the  beeps  into  a  steady  dc  level , 
which  will  in  turn  cause  a  transistor 
to  conduct  and  energize  a  relay?  I 
would  tike  to  use  the  alarm  function 
to  turn  appliances  on. — Paul  D’Ermi- 
lie,  Staten  Island ,  NY. 


A.  One  way  of  performing  this  function  is 
to  use  a  tone  decoder  1C  like  the  567. 
This  chip  has  been  featured  in  the  Ex¬ 
perimenter’s  Corner  and  has  an  output 
stage  that  can  sink  up  to  1 00  mA.  All  you 


would  have  to  do  is  select  the  proper 
values  of  resistance  and  capacitance  for 
response  at  the  output  frequency  of  the 
alarm.  Here’s  another  solution.  In  the 
circuit  shown,  the  diode  produces  pul¬ 
sating  dc  which  is  smoothed  out  by  the 
RC  combination  with  a  time  constant  of 
about  one  second.  (Values  can  be 
changed  for  a  different  time  constant). 
When  the  capacitor  charges  up  suffi¬ 
ciently,  it  will  source  base  current  for  the 
switching  transistor,  which  will  turn  on 
and  energize  the  relay.  When  the  beep¬ 
er  stops,  the  transistor  will  cut  off.  Any 
general-purpose  switching  transistor 
can  be  used.  Be  sure  that  the  relay  coil 
is  compatible  with  the  transistor,  and 
that  its  contacts  can  handle  the  current 
demand  of  the  appliances. 
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Product 
Test  Reports 


HEATHKIT  MODEL  IM-2202  DIGITAL  MULTIMETER  KIT 

3Vi  digits  with  gas-discharge  display  for  field  and  bench  testing. 


THE  COST  of  owning  a  high-accura¬ 
cy  digital  multimeter  has  dropped 
considerably  over  the  past  couple  of 
years.  Today,  you  can  buy  for  less  than 
$250  a  DMM  with  features  and  accuracy 
that  rival  laboratory-grade  instruments 
of  only  a  few  years  ago.  One  instrument 
that  reflects  this  trend  is  the  Model 
IM-2202  DMM  from  Heathkit.  Its  low 
price  brings  to  the  user  a  3‘/2-digit  dis¬ 
play,  0.5%  to  0.2%,  ±1 -digit  accuracy 
on  dc,  and  the  capability  of  measuring 
ac  and  dc  voltage  and  current  and  re¬ 
sistance  over  wide  ranges.  In  addition, 
the  DMM  has  built-in  ac  and  recharge¬ 
able  nickel-cadmium  cell  dc  power  sup¬ 
plies  that  make  it  equally  suitable  for 
bench  and  field  servicing. 

The  Model  IM-2202  DMM  measures 
814"W  x  8"D  x  3"H  (21  x  20.3  x  7.6 
cm)  with  its  handle  folded  to  the  rear  and 
weighs  7  lb  (3.2  kg).  Available  only  in  kit 
form,  it  sells  for  $199.95. 

Technical  Details.  The  DMM's  white 
control  panel  labelled  in  black  is  clean 
and  functional.  Arranged  in  a  column 
along  the  left  side  of  the  panel  are  three 
banana  jacks  labelled  from  top  to  bottom 
ma,  c  (common),  and  v/  ft  for  the  test- 
cable  inputs.  To  the  right  of  the  jacks  is 
the  display  window,  below  which  is  a 
bank  of  four  pushbutton  switches  that 
are  labelled  ac,  dc/ ft,  v/ft,  and  ma. 
The  right  third  of  the  panel  is  occupied 


by  a  large  range/function  switch  that 
also  has  positions  for  power  off  and 
batt  (battery  check,  specified  on  the 
panel  at  4.6  volts  minimum).  Accessible 
through  a  small  hole  in  the  upper  right 
corner  of  the  panel  is  the  screwdriver- 
adjustable  zero  control. 

There  are  five  dc-voltage  ranges  that 
go  to  100  mV  and  1,  10,  100,  and  1000 
volts  full-scale.  The  input  resistance  is 
50  megohms  on  the  100-mV  range,  500 
megohms  on  the  1000-volt  range,  and 
10  megohms  on ‘the  remaining  ranges. 
The  accuracy  of  the  instrument  is  speci¬ 
fied  at  0.5%,  ±1  digit  using  the  built-in 
references  and  0.2%,  ±1  digit  using  lab¬ 
oratory  standards.  The  DMM  can  safely 
handle  an  overload  of  300  volts  on  the 
100-mV  and  1-volt  ranges  and  1000 
volts  on  the  three  highest  ranges. 

The  ac  voltage  ranges  are  the  same 
as  for  the  dc-voltage  function,  except 
that  on  the  1000-volt  range  the  max¬ 
imum  specified  input  is  750  volts.  Input 
impedance  is  10  megohms,  paralleled 
by  120  pF  on  the  two  lowest  ranges  and 
60  pF  on  the  upper  ranges.  The  over¬ 
load  capability  is  250  volts  on  the  100- 
mV  and  1-volt  ranges  and  750  volts  on 
all  other  ranges.  The  accuracy  of  the  in¬ 
strument  is  1.0%,  ±1  digit  over  a  fre¬ 
quency  range  of  from  40  to  1 000  Hz  (ex¬ 
cept  40  to  1 0,000  Hz  on  the  1 00-m  V  and 
1-volt  ranges)  using  the  built-in  refer¬ 
ences.  Using  laboratory  references,  the 


accuracy  is  0.5%,  ±1  digit  from  40  to 
1 000  Hz,  except  to  2000  Hz  on  the  750- 
volt  range. 

Current  in  both  the  ac  and  the  dc  func¬ 
tion  can  be  measured  to  1 00  pA  and  1 , 
10,  100,  and  1000  mA  full-scale.  The 
voltage  drop  in  dc  is  100  mV  on  the 
100-pA  and  1-mA  ranges,  150  mV  on 
the  10-  and  1 00-m  A  ranges,  and  300 
mV  on  the  highest  range.  On  ac,  the 
drop  is  100  mV  on  the  three  lowest 
ranges,  150  mV  on  the  100-mA  range, 
and  300  mA  on  the  1000-mA  range.  Ac¬ 
curacy  on  dc  is  0.5%  (except  1%  on  the 
1000-mA  range),  ±T  digit  with  the  built- 
in  references  and  0.2%  (except  0.5%  on 
the  1000-mA  range)  with  laboratory 
standards.  Ac  accuracy  is  1.0%  (1.5% 
on  the  1000-mA  range),  ±1  digit  from  40 
to  10,000  Hz  on  the  built-in  references 
and  0.5%  (1.0%  on  the  1000-mA  range), 
:1  digit  from  40  to  10,000  Hz.  The  input 
is  coupled  through  a  3-ampere  fuse  to 
shunt  diodes  for  overload  protection 
with  inputs  exceeding  about  1 .2  volts. 

There  are  also  five  resistance  ranges 
that  go  to  100,  1000,  10,000,  100,000 
ohms  and  1  megohm  full-scale.  Test 
current  is  1 .0  mA  on  the  first  two  ranges, 
0.1  mA  on  the  10,000-ohm  range,  1.0 
pA  on  the  100,000-ohm  range,  and  10 
pA  on  the  highest  range.  The  open-cir¬ 
cuit  potential  at  the  test  probes  is  12 
volts.  Accuracy  is  2%,  ±1  digit  using  the 
built-in  references.  Positive  input  protec¬ 
tion  to  400  volts  is  provided  by  a  block¬ 
ing  diode,  while  negative  input  protec¬ 
tion  is  provided  by  a  0.03-ampere  fuse 
and  a  shunt  diode. 

The  DMM  has  a  maximum  display 
count  of  1999,  and  its  overrange  capa¬ 
bility  is  100%  on  all  but  the  1000-volt  dc 
and  750-volt  ac  ranges.  Normal-mode 
rejection  is  stated  as  35  dB  or  better, 
while  common-mode  rejection  is  80  dB 
or  better.  The  instrument  can  be  oper¬ 
ated  1 500  volts  above  power  line  ground 
during  line  operation.  The  stated  operat¬ 
ing  temperature  is  from  1 0°  C  to  40°  C. 

The  instrument  can  be  operated  on 
either  1 1 0  to  1 30  or  220  to  260  volts  50 
or  60  Hz  line  power,  depending  on  an  in¬ 
ternal  setting.  It  consumes  5  watts  of 
power  during  battery  charging. 

The  displays  used  are  large  W  (12.7- 
mm)  seven-segment  orange  gas-dis¬ 
charge  types.  Both  +  and  -  are  dis¬ 
played  when  taking  dc  measurements, 
depending  on  the  polarity  at  the  input  to 
the  DMM.  An  over  range  condition  is  in¬ 
dicated  in  the  display  by  a  flashing  1  in 
the  half-digit  location.  The  meter  also 
features  dual-slope  A/D  (analog-to-digi- 
tal)  conversion,  automatic  blanking  of 
leading  zeros,  rechargeable  nickel-cad- 
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mium  cells  that  come  standard,  a  carry¬ 
ing  handle  that  doubles  as  a  convenient 
tilt  stand,  and  nonskid  rubber  feet. 

About  the  Kft.  Although  this  is  a  rela¬ 
tively  complex  digital  multimeter,  the  kit 
is  fairly  easy  to  assemble  owing  to  the 
well-written  and  well-illustrated  assem¬ 
bly  manual  that  comes  with  it.  But  for  a 
handful  of  components,  all  parts  mount 
on  three  printed  circuit  boards,  including 
the  function  selecting  pushbutton 
switches  and  the  rotary  range/function 
switch. 

High-quality  components  and  materi¬ 
als  are  used  throughout  the  instrument. 
The  printed  circuit  boards  are  epoxy¬ 
fiberglass,  two  of  the  three  are  double¬ 
sided  with  plated-through  holes,  and  all 
three  are  silk-screened  to  show  compo¬ 
nent  values  and  orientation.  Except  for 
three  resistors,  all  resistors  are  5%  toler¬ 
ance  or  better.  All  hardware  lines  up  ex¬ 
actly  so  that  bolting  together  is  a  breeze. 

There  is  very  little  in  the  way  of  tedi¬ 
ous  point-to-point  wiring  with  this  kit. 
The  DMM  uses  a  factory-prepared  cable 
harness  and  switches  that  mount  direct¬ 
ly  on  the  input  circuit  board.  This  re¬ 
duces  considerably  the  time  required  to 
assemble  the  kit  and  virtually  eliminates 
the  wiring  errors  that  often  crop  up  when 


using  point-to-point  wiring  in  a  complex 
kit. 

During  assembly,  we  ran  into  one  mi¬ 
nor  snag.  We  could  not  obtain  the  prop¬ 
er  display  indication  on  the  highest  re¬ 
sistance  range  during  calibration.  How¬ 
ever,  when  we  changed  one  component 
(supplied  by  Heath),  everything  worked 
out  fine.  All  told,  it  took  us  approximately 
17  hours  to  assemble  and  calibrate  the 
DMM. 

User  Comment.  We  calibrated  the 
DMM  using  both  its  built-in  references 
and  laboratory  references.  Using  the 
built-in  references,  the  instrument’s  ac¬ 
curacy  on  all  ranges  and  functions 
equalled  or  bettered  the  published  spe¬ 
cifications.  When  we  used  laboratory 
references,  the  accuracy  we  obtained 
was  well  within  the  published  specifica¬ 
tions.  Needless  to  say,  this  DMM  pro¬ 
vides  greater  accuracy  than  needed  for 
less  than  laboratory-grade  testing. 

There  are  several  things  about  this 
DMM  that  appealed  to  us.  First  off,  it  is 
very  easy  to  operate.  The  range/func¬ 
tion  switch  is  large  and  easy  to  handle 
and  its  position  labelling  is  clear  and 
unambiguous.  Pushbutton  function  se¬ 
lection  is  convenient,  And  the  large  gas- 
discharge  displays  are  easy  to  read  from 


any  angle,  up  close,  and  at  a  distance. 
Even  the  test  cable  plugs  have  built-in 
convenience.  When  they  are  plugged 
into  the  front  panel,  the  plugs  still  allow 
another  instrument,  such  as  an  oscillo¬ 
scope,  to  be  plugged  into  them. 

Though  the  Model  IM-2202  is  not  as 
compact  as  some  take-along  battery- 
powered  field-service  DMM’s,  its  larger 
size  and  weight  offer  the  advantage  of 
higher  accuracy  than  usual.  The  inter¬ 
mediate  size  of  the  instrument  also  as¬ 
sures  that  it  will  not  get  lost  on  a  crowd¬ 
ed  workbench  or  accidentally  brushed 
off  the  bench  onto  a  hard  floor. 

In  both  test-bench  and  field-service 
environments,  the  DMM  acquitted  itself 
admirably.  After  having  used  it  for  sever¬ 
al  months  under  all  kinds  of  servicing 
conditions,  we  checked  out  its  calibra¬ 
tion.  There  was  no  significant  change, 
and  in  most  cases  no  detectable 
change. 

The  Model  IM-2202  is  a  good-looking 
instrument  that  should  fill  the  needs  of 
most  professionals  and  amateurs.  It  is 
also  very  reasonably  priced  for  a  highly 
accurate  instrument  that  can  be  oper¬ 
ated  on  both  ac  and  dc  power  and 
comes  standard  with  nickel-cadmium 
cells  and  recharging  circuitry. 

CIRCLE  NO  104  ON  FREE  INFORMATION  CARD 


SHARP  MODEL  CB-800A  CB  MOBILE  AM  TRANSCEIVER 

23-channel  digital  LED- display  rig  with  excellent  overload  characteristics. 


WITH  new  40-channel  CB  rigs  mov¬ 
ing  into  the  market  place,  this 
probably  represents  the  last  23-channel 
mobile  CB  unit  we  will  test.  Nonetheless, 
23-channel  CB  transceivers  represent 
good  value  for  the  money;  in  some 
cases,  unbelievable  bargains.  And  the 
manufacturer  of  the  CB  transceiver  ex¬ 
amined  here  advises  that  this  23-chan¬ 
nel  unit  will  remain  in  its  product  line  for 
a  while. 

The  Model  CB-800A  AM  CB  trans¬ 
ceiver  from  Sharp  uses  digital  frequency 
synthesis  and  features  a  LED  numeric 
display  to  indicate  the  channel  in  use.  As 
a  special  feature,  when  the  transceiver 
is  set  to  Channel  9,  the  display  flashes 
to  tell  the  user  that  this  emergency  chan¬ 
nel  is  in  use.  The  transceiver  has  an  un¬ 
usually  low  price  of  only  $149.95  to  pro¬ 
vide  these  latest  technical  features. 

The  usual  lineup  of  controls  and  fea¬ 
tures  are  offered  by  the  transceiver. 
These  include:  volume  and  variable 


squelch  controls,  S/r-f  meter,  switchable 
automatic  noise  limiter,  Delta  tune,  PA 
operation,  external-speaker  jack,  de¬ 
tachable  dynamic  microphone,  full  legal 
power  output,  TVI  traps,  10.8-to-1 5.6- 
volt  dc,  negative-  or  positive-ground 
power  requirements,  voltage  regulation, 
line  filtering,  and  reverse-polarity  protec¬ 
tion. 

The  mobile  transceiver  measures 
7W'D  x  534"W  x  2‘/4"H  (20  x  14.6  x 
5.7  cm). 

General  Description.  The  double¬ 
conversion  receiver  has  i-f’s  located  at 
11.275  MHz  and  455  kHz.  A  diode- 
protected  r-f  stage  and  two  mixer  stages 
are  arranged  in  common-emitter  con¬ 
figurations.  A  ceramic  filter  in  the  emitter 
circuit  of  the  second  mixer,  plus  two  cas¬ 
caded  ceramic  filters  at  the  output  of  the 
mixer  provide  the  455-kHz  selectivity. 
The  i-f  section,  detector,  second-conver¬ 
sion  oscillator,  and  an  age  amplifier  for 


the  i-f  strip  are  incorporated  into  a  single 
1C  chip.  Two  outboard  transistors  pro¬ 
vide  another  amplified  age  loop  for  the 
r-f  and  first  mixer  stages  and  the  squelch 
section.  A  series-gate  anl  following  the 
detector  drives  an  audio  amplifier  stage. 
The  audio  stage,  in  turn,  drives  an  1C 
that  contains  the  remainder  of  the  audio 
section,  including  the  output  amplifier. 

The  digital  frequency  synthesis  sys¬ 
tem  employs  a  phase-locked  loop  (PLL). 
A  single  1C  includes  a  1 0.240-MHz  crys¬ 
tal  oscillator  and  a  network  that  divides 
by  1024  to  furnish  the  10-kHz  standard 
reference  signal.  A  FET  voltage-con- 
trolled  oscillator  (vco)  that  operates  in 
the  38.240-to-38.530-MHz  range  pro¬ 
vides  the  heterodyning  signal  to  produce 
the  1 1 .275-MHz  i-f  at  the  first  mixer.  The 
comparison  reference  from  the  vco  is 
obtained  by  mixing  the  output  from  the 
vco  with  the  36-960-MHz  crystal-con¬ 
trolled  signal  to  produce  difference  fre¬ 
quencies  in  the  range  of  1 .280  to  1.570 
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IN-CIRCUIT  TRANSISTOR  TESTER 

TROUBLESHOOTER  \ 

VOM  v  I 


COMPU-TRAINER 


SOLID-STATE  ' 
OSCILLOSCOPE 


ALL  NEW 
NTS/Heath 
GR-2001 
DIGITAL 
SOLID-STATE 
COLOR  TV 
315  sq.  in. 
PICTURE 


(Simulated  TV  Reception) 


As  an  NTS  student  you'll  acquire  the  know-how 
that  comes  with  first-hand  training  on  NTS  profes¬ 
sional  equipment.  Equipment  you’ll  build  and  keep. 
Ourcourses  include  equipment  like  the  NTS/Heath 
GR-2001  computerized  color  TV  (25"  diagonal) 
with  varactor  diode  tuning  and  digital  read-out 
channel  selection;  (optional  programming  capa¬ 
bility  and  digital  clock  avail.). 

Also  pictured  above  are  other  units  —  5"  solid  state 
oscilloscope,  vector  monitor  scope,  solid-state  ster¬ 
eo  AM-FM  receiver  with  twin  speakers,  digital  multi¬ 
meter,  and  more.  It's  the  kind  of  better  equipment 
that  gets  you  better  equipped  for  the  electronics 
industry. 


This  electronic  gear  is  not  only  designed  for  train¬ 
ing;  it’s  field-type  —  like  you’ll  meet  on  the  job,  or 
when  you’re  making  service  calls.  And  with  NTS 
easy-to-read,  profusely  illustrated  lessons  you  learn 
the  theory  behind  these  tools  of  the  trade. 

Choose  from  12  NTS  courses  covering  a  wide  range 
of  fields  in  electronics,  each  complete  with  equip¬ 
ment,  lessons,  and  manuals  to  make  your  training 
more  practical  and  interesting. 

Compare  our  training;  compare  our  lower  tuition. 

We  employ  no  salesmen,  pay  no  commissions.  You 
receive  all  home-study  information  by  mail  only. 
All  Kits,  lessons,  and  experiments  are  described  in 
full  color.  Most  liberal  refund  policy  and  cancella- 
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HIGH  FIDELITY 
SPEAKERS 


SOLID-STATE  STEREO 
AM/FM/MULTIPLEX 
RECEIVER 


COLOR  BAR/DOT 
GENERATOR  / 


TUBE  &  TRANSISTOR  TESTER 


FEf-VGM 

AM/FM/SW  PORTABLE 
SOLID-STATE  RECEIVER 


VECTOR  MONITOR 
SCOPE 


SIGNAL 

GENERATOR 


DIGITAL  \ 
MULTIMETER 


5"  OSCILLOSCOPE 


SOLID-STATE  2-METER  FM 
TRANSCEIVER  &  POWER  SUPPLY 


SOLID-STATE 
POCKET  RADIO 


tion  privileges  spelled  out.  Make  your  own  com¬ 
parisons,  your  own  decision.  Mail  card  today,  or 
clip  coupon  if  card  is  missing. 

NO  OBLIGATION.  NO  SALESMAN  WILL  CALL 

APPROVED  FOR  VETERAN  TRAINING 

Get  facts  on  new  2-year  extension 

NATIONAL*—)  SCHOOLS 

TECHNICAL-TRADE  TRAINING  SINCE  1905 
Resident  and  Home-Study  Schools 
4000  So.  Figueroa  St.,  Los  Angeles,  Calif.  90037 


i 

i 

i 


NATIONAL  TECHNICAL  SCHOOLS  Dept.  205-027 

4000  South  Figueroa  St.,  Los  Angeles,  Calif.  90037 


Please  send  FREE  Color  Catalog  and  Sample  Lesson. 

NO  OBLIGATION.  NO  SALESMAN  WILL  CALL. 

Q  Color  TV  Servicing  □  Electronics  Technology 

□  B  &  W  TV  and  Radio  Servicing  □  Computer  Electronics 

□  Electronic  Communications  □  Basic  Electronics 

□  FCC  License  Course  □  Audio  Electronics  Servicing 


NAME _ AGE _ 


I  ADDRESS _ APT  4 _ 

CITY _ STATE _ - 


I 


Please  fill  in  Zip  Code  for  fast  service _ 

□  Check  if  interested  in  G.l.  Bill  information. 

□  Check  if  interested  ONLY  in  classroom  training  in  Los  Angeles. 


J 
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Needle  in  the 
hi-fi  haystack 

Even  we  were  astounded  at  how 
difficult  it  is  to  find  an  adequate 
other-brand  replacement  stylus  for  a 
Shure  cartridge.  We  recently 
purchased  241  random  styli  that  were 
not  manufactured  by  Shure,  but  were 
being  sold  as  replacements  for  our 
cartridges.  Only  ONE  of  these  241 
styli  could  pass  the  same  basic 
production  line  performance  tests 
that  ALL  genuine  Shure  styli  must 
pass.  But  don't  simply  accept  what 
we  say  here.  Send  for  the  documented 
test  results  we’ve  compiled  for  you  in 
data  booklet  #  AL548.  Insist  on  a 
genuine  Shure  stylus  so  that  your 
cartridge  will  retain  its  original 
performance  cap  ability -and  at  the 
same  time  protect  your  records. 

Shure  Brothers  Inc. 

222  HartreyAve.,  Evanston,  IL  60204 

In  Canada:  A.  C.  Simmonds  Sons  Limited 


Manufacturers  of  high  fidelity  components, 
microphones,  sound  systems  and  related  circuitry. 


MHz.  The  difference  frequencies  are  re¬ 
duced  to  the  10-kHz  vco  comparison 
signal  through  an  1C  that  can  be  pro¬ 
grammed  to  divide  by  a  number  be¬ 
tween  1 28  and  1 57.  The  two  reference 
signals  are  applied  to  an  1C  phase  com¬ 
parator  that  properly  tunes  the  vco  and 
PLL  according  to  the  desired  channel 
selected  by  the  channel-selector  switch. 
The  second-conversion  crystal  oscillator 
operates  at  a  frequency  of  1 1 .730  MHz. 

The  outputs  of  the  vco  and  an  1 1 .275- 
MHz  crystal  oscillator  are  combined  in  a 
mixer  in  the  transmitter.  Spurious  re¬ 
sponses  are  minimized  by  bandpass  fil¬ 
ter  circuits.  The  rest  of  the  transmitter 
consists  of  a  buffer  amplifier  and  driver 
and  power  amplifiers.  The  output  of  the 
power  amplifier  goes  through  a  dual-Pi 
filter  for  matching  to  50-ohm  loads.  TVI 
traps  tuned  to  54  and  51  MHz  minimize 
second-  and  third-harmonic  radiation. 
As  is  usually  the  case,  speech  amplifica¬ 
tion  and  collector-modulation  of  the  driv¬ 
er  and  power  amplifier  stages  in  the 
transmitter  are  obtained  from  the  receiv¬ 
er’s  audio-amplifier  section.  Automatic 
modulation  control  (amc)  is  included 
here.  Antenna  and  other  circuit  transfers 
are  accomplished  with  a  relay. 

The  channel  LED  display  is  activated 
through  the  selector  switch  and  a  diode¬ 
switching  array.  Flashing  of  the  display 
on  Channel  9  is  controlled  by  a  multi¬ 
vibrator. 

Measurements.  The  sensitivity  of  the 
receiver  measured  0.5  (xV  (rated  0.7 
jjlV)  for  1 0  dB  (S  +  N)/N  with  1 000  Hz  at 
30%  modulation.  The  overall  audio  re¬ 
sponse  at  6  dB  down  was  nominally  500 
to  2625  Hz.  The  maximum  available 
sine-wave  power  output  was  2  watts  at 
2.5%  THD  with  a  1000-Hz  tone  and  an 
8-ohm  load.  On  PA,  the  output  mea¬ 
sured  2.5  watts. 

Primary  image  rejection  for  signals 
near  49.6  MHz  was  greater  than  80  dB, 
while  secondary-image  rejection  for  sig¬ 
nals  910  kHz  lower  than  the  CB  signal 
was  64  dB.  l-f  signal  rejection  was  60  to 
64  dB,  depending  on  the  channel  in  use. 
Additional  unwanted  signals  were  56  dB 
down  for  frequencies  approximately  200 
kHz  below  the  CB  signal.  Other  unwant¬ 
ed  signals  were  a  minimum  of  60  dB 
down.  Adjacent-channel  rejection  at  1 
dB  desensitization  was  55  dB  on  both 
sides  of  each  channel. 

The  age  held  the  audio  output  change 
to  within  7  dB  with  an  80-dB  input-signal 
change  at  1  to  10,000  fxV.  The  meter  in¬ 
dicated  S9  with  a  nominal  3.5-fxV  signal. 
The  squelch  threshold  range  for  normal 
output  was  0.3  to  1 0,000  |xV. 


Operating  the  transceiver  at  1 3.8  volts 
dc,  the  transmitter’s  output  measured 
3.75  watts,  depending  on  the  channel  in 
use.  During  modulation,  amc  compres¬ 
sion  began  near  85%  modulation  and 
held  to  15  dB  compression  beyond  this 
point  with  close  to  100%  modulation  at 
4.5%  THD.  Adjacent-channel  splatter 
was  down  50  dB  with  a  1000-Hz  test 
tone.  With  voice  operation,  the  splatter 
held  to  at  least  55  dB  down.  The  overall 
6-dB  down  response  was  nominally  275 
to  4500  Hz.  The  transmitter’s  frequency 
tolerance  was  within  5  Hz  of  -I- 1 05  Hz  on 
any  channel. 

User  Comment.  The  transceiver  is 
neatly  styled,  with  a  black  case  and  pan¬ 
el  and  satinized  silver-colored  trim.  The 
chrome-finished  control  knobs  add  a 
nice  accent.  Small  lever  switches  handle 
the  anl  and  Delta-tune  functions.  (Delta 
tune  shifts  the  receiver’s  frequency  a 
fixed  amount  of  about  ±1000  Hz).  The 
volume  and  squelch  controls  are  rota¬ 
ry  potentiometers,  the  positions  of  which 
can  be  readily  observed  and  felt. 

The  LED  display  and  S/r-f  meter  are 
located  behind  an  oblong  window.  How¬ 
ever,  the  meter  is  very  small  and  can  be 
difficult  to  read  under  some  conditions. 
When  the  transceiver  is  switched  to  PA 
operation,  the  letters  “PA”  appear  in  the 
LED  display.  (Under  very  high  ambient- 
light  conditions,  all  the  segments  of  the 
LED’s  sometimes  reflect  light,  which  can 
obscure  the  channel  numerals.) 

The  anl  system  was  highly  effective 
on  very  short  and  rapid  noise  spikes,  al¬ 
though  its  performance  was  not  as  good 
on  slow  repetitive  and  broader  pulses. 
Nevertheless,  the  overall  performance 
in  a  noisy  vehicle  was  good.  Due  to  an 
elaborate  line-filter  setup,  we  were  not 
bothered  with  vehicle  noises  induced  in 
the  12-volt  supply  line.  The  noise  sup¬ 
pression  was  superior  to  that  used  in 
other  mobile  transceivers. 

We  were  particularly  impressed  by  the 
overload  characteristics  of  the  receiver, 
which  by  measurement  did  not  exhibit 
distortion  with  signal  inputs  of  100,000 
rtV.  Furthermore,  no  distortion  or  block¬ 
ing  effects  were  audibly  noted  from  a  CB 
transmitter  located  30'  (9.1  m)  removed 
from  the  transceiver’s  antenna. 

Another  plus  for  this  transceiver  is  that 
its  receiver  audio  response  falls  off  fairly 
rapidly  below  1000  Hz.  This  results  in  a 
somewhat  high-pitched  sound  that  lacks 
boominess.  It  gives  the  advantage  of 
better-than-usual  intelligibility  from  a 
bottom-facing  speaker  in  mobile  installa¬ 
tions. 

CIRCLE  NO.  105  ON  FREE  INFORMATION  CARO 
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PURAC— A  VOICE  FOR  CB’ERS 

THE  THIRD  quarterly  general  meet¬ 
ing  of  the  Personal  Use  Radio 
Advisory  Committee  (PURAC)  to  the 
FCC  was  held  in  Norfolk,  Virginia,  on 
October  28.  The  FCC  hosted  the  gather¬ 
ing  in  a  theater  near  their  Field  Opera¬ 
tions  branch  offices.  More  than  100  rep¬ 
resentatives  of  CB  industry,  clubs,  and 
leading  publications;  law  enforcement 
agencies;  the  broadcasting  industry;  in¬ 
surance  companies;  hams,  and  individu¬ 
al  CB’ers  were  there  to  discuss  their 
common  problems,  to  hear  the  FCC’s 
problems  and  to  advise  the  FCC  on  the 
future  course  of  personal-use  radio 
communications. 

In  the  past,  FCC  communications  with 
radio  users  have  always  consisted  of 
their  “legal  eagles”  talking  with  other 
“legal  eagles,”  and  they  understood 
each  other.  Now  with  such  extensive 
use  of  CB  by  the  general  public,  the 
FCC  has  found  that  it  cannot  effectively 
communicate  with  the  public  so  it  sent 
out  a  call  for  help  from  the  CB  industry 
and  the  CB’ers  themselves.  Public  re¬ 
sponse  at  the  first  three  meetings  was 
better  than  the  FCC  had  hoped.  PURAC 
has  become  the  vehicle  by  which  any  in¬ 
terested  CB’er  can  work  actively  on  a 
task  group  of  his  choice  to  help  make 
CB  a  more  viable,  useful  means  of  per¬ 
sonal  communications.  He  can  talk  with 
the  FCC  “wheels”  face-to-face  and  be 
heard. 

PURAC,  chaired  by  John  Johnson  of 
the  FCC,  is  organized  into  ten  “task 
areas,”  each  headed  by  a  “Task  Coor¬ 
dinator”.  An  FCC  representative  has 
also  been  assigned  to  work  actively  in 
each  of  the  task  areas.  The  task/study 
areas  are  as  follows: 

1.  Operator  Training  Programs:  Recom¬ 
mend  syllabus,  methods  and  training  pro¬ 
grams  for  CB  operators.  Task  Coordinator: 
Dave  Gamer 

2.  Technical  Standards:  Recommend 
material  for,  and  organization  of,  the  Techni¬ 
cal  Regulations  sub-part  of  Part  95.  Task 
Coordinator:  Lee  Bergren 

3.  Part  95  Readability:  Recommend  reor¬ 
ganization  and  rewrite  of  Part  95  to  improve 
readability.  Coordinator:  Randy  Knowles 
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4.  Disseminating  Information:  Recommend 
systems  for  distributing  information  on  CB 
topics  to  the  CB  public  in  the  fastest,  most 
economical,  most  accurate  manner.  Coor¬ 
dinator:  Bill  Bradford 

5.  User  Rule  Compliance:  Recommend  ap¬ 
proaches  and  methods  for  improving  user 
rule  compliance.  Coordinator:  Stuart  Lipoff 

6.  Electromagnetic  Compatibility:  Recom¬ 
mend  susceptibility  requirements  and  inter¬ 
ference  limits  necessary  to  achieve  electro¬ 
magnetic  compatibility  between  CB  units  and 
other  electronic  devices.  Coordinator:  John 
Sodolski 

7.  Public  Safety  Uses  of  Personal  Radio: 
Recommend  improvements  in  Part  95  to  en¬ 
hance  the  contributions  of  CB  to  public  safe¬ 
ty.  Coordinator:  Nathan  Maryn 

8.  Equipment  Theft :  Recommend  methods 
for  reducing  the  number  of  CB  sets  stolen 
from  users.  Coordinator:  Manny  Hoffman 

9.  Local  Interference  Problems:  Recom¬ 
mend  remedial  solutions  for  on-going  com¬ 
plaints  of  interference  created  by  CB  trans¬ 
ceivers.  Coordinator:  Stu  Meyer 

10.  Personal  Use  Radio  Communication 
Needs:  Advise  on  current  and  future  two-way 
radio  communication  needs  of  the  general 
public,  and  recommend  segments  of  the  ra¬ 
dio  spectrum  to  meet  those  needs.  Coordina¬ 
tor:  Ted  Andros 

Each  task/study  group  is  staffed  by 
volunteers  who  have  offered  their  time 
to  contribute  to  one  or  more  sub-com¬ 
mittee  tasks.  Popular  Electronics 
has  pledged  to  work  actively  on  many 
Task  Groups.  This  columnist  will  be 
pleased  to  assist  any  reader  who  wants 
to  take  part  in  PURAC  activities  by  put¬ 
ting  him  in  touch  with  the  appropriate 
Task  Coordinator.  We  will  also  pass-on 
well-considered,  constructive  sugges¬ 
tions  from  our  readers.  The  next  general 
meeting  of  PURAC  will  be  held  in  Wash¬ 
ington,  D.C.,  on  January  27, 1977. 

PURAC  Progress  Report.  It  is  far 

too  early  to  expect  major  results  from 
PURAC,  since  the  first  two  general 
meetings  were  concerned  primarily  with 
organization,  ground  rules,  and  the  sub¬ 
jects  to  which  PURAC  should  address  it¬ 
self.  Also,  major  shifts  in  attitude  and 
performance  in  a  bureaucracy  such  as 
the  FCC  are  slow  in  coming,  and  rules- 


making  procedures  take  even  longer. 
None-the-less,  some  changes  have  al¬ 
ready  taken  place  as  a  result  of  PURAC: 

•  Engraved  serial  numbers  will  be  re¬ 
quired  on  all  CB  rigs  manufactured  since 
January  1,  1977.  This  does  not  itself 
solve  the  theft  problem,  but  it  is  a  step  in 
the  right  direction. 

•  This  writer  had  the  opportunity  to  pre¬ 
view  a  TV  tape  on  CB  and  its  problems 
produced  by  a  group  of  TV  stations  as  a 
means  of  educating  the  public  about  CB 
and  its  relation  to  the  TVI  problem. 

•  By  the  time  you  read  this,  there  will  be 
a  newly  reorganized  edition  of  Part  95 
available.  It  separates  the  technical  re¬ 
quirements  from  operating  regulations, 
so  that  all  information  a  CB’er  needs  to 
know  is  in  one  spot.  (The  new  issue 
does  not  yet  reflect  all  rules  changes.) 
Although  this  first  revision  is  still  in  “le- 
galese,”  Task  Group  3  is  currently  re¬ 
writing  it  in  English  for  a  future  edition. 
These  new  editions  do  not  obsolete  the 
editions  in  circulation  in  January,  1977, 
because  they  do  not  represent  substan¬ 
tial  changes  in  content. 

The  FCC  has  now  issued  more  than 
12  million  CB  licenses,  and  there  are 
more  than  18  million  CB  transmitters  in 
use,  according  to  FCC  estimates.  The 
FCC  recently  conducted  test  samplings 
in  a  number  of  areas  across  the  nation 
and  determined  that  fewer  than  10%  of 
the  CB’ers  are  now  operating  without  li¬ 
censes,  but  that  still  represents  well  over 
a  million  operators  who  would  rather  risk 
a  $10,000  fine  than  pay  80<2  per  year  for 
the  right  to  operate  legally. 

Following  the  40-channel  announce¬ 
ment  in  July,  license  applications  fell-off 
about  8%  to  10%  for  each  of  the  next 
three  months,  and  were  down  to  a  level 
of  about  300,000  per  month  by  October. 
FCC  expects  them  to  increase  again 
shortly  after  the  beginning  of  1977. 

Incidentally,  the  average  turn-around 
time  for  issuing  licenses  during  the  peri¬ 
od  from  July  through  September  was 
under  17  days,  and  the  FCC  now  be¬ 
lieves  it  can  continue  to  issue  them  in 
that  time  frame  even  though  the  demand 
may  increase.  There  was  one  instance 
late  last  spring  when  a  whole  block  of  li¬ 
censes  were  erroneously  sent  to  the 
wrong  Zip  Codes  and  were  lost  by  the 
Postal  Service.  It  was  necessary  for 
them  to  be  reissued  and  remailed. 

Nearly  10%  of  all  applications  for 
Class  D  licenses  must  be  returned  to  the 
applicants.  The  FCC  urges  CB’ers  to 
read  Form  505  carefully.  Each  month, 
20,000  applications  are  returned  be¬ 
cause  the  wrong  fee  was  enclosed.  (The 
license  fee  of  $4.00  for  a  Class  D  license 
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has  been  in  effect  since  March  1976, 
and  the  license  is  valid  for  a  five-year 
period.)  Each  month,  10,000  license  ap¬ 
plications  are  returned  because  the  ap¬ 
plicant  is  too  young.  An  applicant  must 
be  18  years  of  age  to  be  granted  a  Class 
D  CB  license,  though  the  restriction  that 
the  applicant  must  be  a  U.S.  citizen  has 
been  removed. 

Much  of  the  business  of  the  third  gen¬ 
eral  meeting  of  PURAC  concerned  the 
growing  problems  of  CB-related  electro¬ 
magnetic  interference.  In  addition  to  the 
obvious  increase  in  noise,  skip,  and  ad¬ 
jacent  channel  interference  on  CB  itself, 
of  more  concern  is  the  staggering  in¬ 
crease  in  CB-caused  TVI  (television  in¬ 
terference)  and  interference  with  solid- 
state  audio  equipment. 

The  leading  causes  of  TVI  are: 

1 .  Harmonic  radiation  from  CB  units. 

2.  Use  of  illegal  linears. 

3.  TV  and  audio  equipment  deficien¬ 
cies. 

4.  Attempted  “fringe”  reception  by 
the  TV  viewer. 

We  are  not  too  concerned  with  the  last 
two  causes  listed  because  CB  is  not  at 
fault  (more  about  this  later).  However, 
we  must  be  concerned  with  the  first  two 
because  they  represent  about  one  third 
of  all  TVI  problems  and  they  are  the  fault 
of  CB  users  and  equipment.  The  new 
rules  make  it  the  legal  responsibility  of 
the  CB’er  to  correct  this  type  of  interfer¬ 
ence  wherever  a  complaint  has  been 
filed. 

Harmonic  radiations  occur  at  multi¬ 
ples  of  the  operating  or  fundamental  fre¬ 
quency.  For  CB,  these  would  occur  at  54 
MHz  (TV  Channel  2),  81  MHz  (TV  Chan¬ 
nel  5),  108  MHz,  etc.  The  new  regula¬ 
tions  have  attempted  to  reduce  harmon¬ 
ic  radiations  generated  by  rigs  built  after 
January  1,  1977  by  requiring  that  har¬ 
monics  be  suppressed  at  least  60  dB 
down  from  the  power  output  of  the  fun¬ 
damental  frequency  (the  old  specifica¬ 
tion  required  about  49  dB  suppression). 
Thus  new  transceivers  will  be  limited  to 
4  microwatts  of  harmonic  output.  The  TV 
manufacturers  wanted  CB  harmonics 
suppressed  by  100  dB,  but  FCC  set 
these  comments  aside  with  the  warning 
that  CB  manufacturers  had  better  pre¬ 
pare  now  for  stiffer  limitations  in  the  fu¬ 
ture. 

How  can  the  CB'er  tell  whether  TVI  is 
caused  by  his  rig  or  the  TV  receiver?  It  is 
very  simple  once  the  CB’er  understands 
harmonic  radiation.  If  the  TV  exhibits 
TVI  only  on  channel  2  or  channel  5  when 
the  transmitter  is  keyed,  it  is  probably 
the  fault  of  the  CB  rig.  If  TVI  shows  up  on 
other  channels  as  well,  the  fault  is  prob¬ 


ably  that  the  TV  receiver  cannot  filter  out 
strong  signals  at  27  MHz. 

However,  there  is  seldom  a  single 
cause  of  TVI.  The  FCC  warns  that,  in 
most  cases  of  bad  interference,  there 
are  usually  at  least  two  system  malfunc¬ 
tions  before  TVI  becomes  a  problem.  If 
the  cause  can  be  traced  to  the  CB  rig, 
then  the  CB’er  must  either  correct  it  or 
cease  operations.  If  the  TV  receiver  is  at 
fault,  most  TV  manufacturers  will  supply 
corrective  information  and  free  parts,  if 
necessary.  Even  though  the  fault  is  in 
the  TV,  it  is  in  the  interest  of  the  CB’er  to 
work  with  his  neighbor  to  help  him  solve 
the  problem. 

Actually,  harmonic  radiation  problems 
do  not  always  originate  in  the  CB  trans¬ 
mitter,  but  they  may  also  be  introduced 
by  any  device  which  is  inserted  into  the 
antenna  lead  line,  such  as  an  SWR  me¬ 
ter  or  a  coaxial  switch.  A  linear  amplifier 
in  the  line,  even  when  turned-off,  may  in¬ 
crease  the  harmonic  radiation  by  9  dB  or 
more.  The  increase  in  harmonic  radia¬ 
tion  when  the  linear  is  turned  on  may  be 
much  more  than  that. 

On  the  point  of  linears,  the  FCC  has 
determined  that  nearly  all  TV  receivers 
within  500  feet  of  an  operating  linear  will 
experience  serious  TVI,  and  nearly  half 
the  TV  sets  within  a  quarter  mile  will  be 
affected.  These  figures  are  for  linears 
which  operate  properly.  Those  which 
are  not  properly  matched  can  cause 
even  greater  problems,  but  they  are 
easily  detected  by  FCC  monitoring 
equipment.  The  FCC  is  aware  that  some 
stations  are  operating  linears.  Accord¬ 
ingly,  the  FCC  has  pledged  to  get  them 
off  the  air,  and  if  the  illegal  operators  do 
not  get  rid  of  them  voluntarily,  it  is  pre¬ 
pared  to  seize  their  equipment  and  take 
the  outlaws  to  court. 

Consumer  Electronics  Legisla¬ 
tion.  At  the  present  time,  the  FCC  does 
not  have  any  control  power  to  set  elec¬ 
tromagnetic  immunity  standards  for  TV 
or  other  electronic  communication  or 
home  entertainment  devices  which  are 
not  intended  to  transmit  r-f  emissions. 

The  Communications  Reform  Act  of 
1976,  the  so-called  “Bell  Bill”  because  it 
was  largely  written  by  telephone  compa¬ 
ny  lawyers  and  strengthened  the  mono¬ 
polistic  position  of  the  communications 
utility  companies,  ran  out  of  time  when 
Congress  adjourned.  But  it  is  bound  to 
be  revived  by  the  95th  Congress.  Exten¬ 
sive  hearings  are  planned  by  both 
House  and  Senate  committees.  We  be¬ 
lieve  that  any  such  reform  review  should 
consider  all  our  country’s  communica¬ 
tions  problems.  O 
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SPEECH  PROCESSORS 

OU  HAVE  probably  noticed  that 
speech  processors  are  being  used 
more  and  more  by  radio  amateurs.  This 
recent  trend  prompted  me  to  procure  a 
logarithmic  speech  processor  and  see 
exactly  what  such  a  device  can  do  to  an 
SSB  signal.  My  last  involvement  with 
speech  processors  was  in  the  good-old 
AM  days,  when  a  good  processor  made 
a  moderate  improvement  in  the  read¬ 
ability  of  weak  voice  signals.  When  the 
signals  were  subject  to  selective  fading, 
processed  signals  often  sounded  louder 
but  were  actually  less  readable  than 
when  the  processor  was  turned  off. 
Consequently,  our  expectations  for  the 
new  processor  were  not  of  the  highest. 
However,  after  using  it  on  the  air  for 
many  months,  we  are  convinced  that  the 
new  generation  of  speech  processors 
actually  does  what  the  designers 
claim — improve  SSB  signal  readability 
up  to  six  dB  when  conditions  are  worst. 
On  the  other  hand,  when  signals  are 
loud  and  clear,  the  majority  of  opera¬ 
tors — especially  locals — prefer  the 
sound  of  unprocessed  signals. 

Historically,  from  the  beginning  of 
telephone  and  radiotelephone  com¬ 
munications,  engineers  have  worked  to 
improve  the  efficiency  of  voice  circuits. 
In  ordinary  conversation,  the  human 
voice  can  occupy  a  nominal  bandwidth 
of  56  to  5700  Hz  and  a  dynamic  range 
up  to  85  dB.  Because  the  bandwidth  of 
any  signal  is  directly  related  to  the  high¬ 
est  frequency  transmitted,  extensive 
tests  were  conducted  to  determine  the 
highest  voice  frequencies  that  had  to  be 
transmitted  to  preserve  the  readability  of 
the  reproduced  speech.  This  was  found 
to  be  nominally  3000  Hz.  It  was  also 
found  that  frequencies  below  500  Hz  or 
so  could  be  attenuated  without  reducing 
readability  appreciably,  although  elimi¬ 
nating  too  many  of  them  made  the 
speech  sound  tinny. 

As  a  result  of  such  studies,  interna¬ 
tional  and  domestic  telecommunications 
regulations  specify  a  3000-Hz  band¬ 
width  for  voice  circuits.  Many  users  pre¬ 
fer  to  transmit  frequencies  between  400 
and  2500  Hz;  others  prefer  400  to  2800 
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Hz.  Tailoring  the  modulating  frequencies 
transmitted  by  a  SSB  transmitter  is  sim¬ 
ple.  Select  the  desired  filter  band¬ 
width — 2100  Hz,  for  example.  Then  dis¬ 
place  the  (suppressed)  carrier  frequen¬ 
cy  by  an  amount  equal  to  say,  the  low¬ 
est  modulating  frequency  above  the 
high-frequency  knee  of  the  filter  selectiv¬ 
ity  curve  (for  lower  sideband  transmis¬ 
sions).  Shift  the  carrier  frequency  by  the 
same  amount  below  the  low-frequency 
knee  for  upper  sideband  transmissions. 

Amptitude  Variations.  It  has  been 
found  that  voice  frequencies  logarithmi¬ 
cally  centered  around  100  Hz  contain 
most  of  the  speech  energy  and  vary 
widely  in  amplitude  but  contribute  little  to 
the  readability  of  the  speech.  In  contrast, 
the  frequencies  between  300  and  3000 
Hz  do  not  contain  much  energy  and  do 
not  vary  much  in  amplitude  but  contain 
most  of  the  spoken  intelligence.  Viewing 
the  output  signal  of  a  voice-modulated 
SSB  transmitter  on  an  oscilloscope  re¬ 
veals  that  the  lower  voice  components 
produce  the  highest  modulation  peaks, 
with  the  high-frequency  peaks  about  12 
dB  lower.  Early  speech  processors  in¬ 
creased  the  transmitter’s  speech  am¬ 
plifier  gain  to  bring  the  amplitude  of  the 
higher  frequency  components  up  to  the 
desired  level.  Those  processors  also 
chopped  off  the  amplitude  of  all  voice 
peaks  to  the  threshold  voltage  of  a 
stage.  Feeding  the  clipped  signals 
through  a  low-pass  filter  with  a  cutoff  fre¬ 
quency  of  3000  Hz  kept  the  high-fre¬ 
quency  harmonics  generated  by  the 
clipper  from  modulating  the  transmitter. 
Unfortunately,  the  low-order  harmonics 
of  the  clipped  low  frequencies  still  re¬ 
mained  in  the  voice  passband,  making 
the  processed  speech  sound  “different” 
but  barely  more  readable  than  unproc¬ 
essed  speech. 

Logarithmic  Speech  Processors. 

The  wide  availability  of  versatile  1C  am¬ 
plifiers  has  given  new  life  to  transmitter 
speech  processors.  In  the  logarithmic 
speech  processor  described  in  QST  for 
August  1974,  the  microphone  signal  is 


first  amplified  20  to  30  dB  more  than  it 
would  otherwise  be.  It  is  then  passed 
through  a  high-pass  filter  with  a  low-fre¬ 
quency  cutoff  of  approximately  50  Hz  to 
remove  most  of  the  low-frequency,  vari¬ 
able  amplitude  component.  The  signal  is 
next  fed  to  a  logarithmic  amplifier  and 
clipper.  The  signal  from  the  clipper — 
now  a  more-or-less  constant-amplitude, 
300-to-3000-Hz  signal —  goes  through  a 
low-pass  filter  with  a  2950-Hz  cut-off  fre¬ 
quency  to  remove  the  high-frequency 
distortion  products  from  the  signal  be¬ 
fore  it  is  applied  to  the  microphone  con- 
nectonof  the  transmitter. 

Another  more-elaborate  logarithmic 
speech  processor  (described  in  QST  for 
March  1 976)  full-wave  rectifies  the  audio 
signal  before  feeding  it  to  the  logarithmic 
amplifier  and  clipper.  The  output  signal 
drives  an  exponential  amplifier  whose 
output  modulates  the  transmitter.  This 
processor  also  uses  an  input  high-pass 
filter  and  an  output  low-pass  filter. 

Operating  a  Speech  Processor. 

The  first  step  in  getting  good  results 
from  a  speech  processor  is  to  adjust  the 
transmitter  and  its  microphone  gain  con¬ 
trol  so  that  the  transmitter  r-f  output 
peaks  are  not  being  clipped  before  the 
speech  processor  is  placed  in  the  line. 
Tune  up  the  transmitter  into  a  dummy 
load  and  turn  the  microphone  gain  con¬ 
trol  so  that  the  maximum  output  peaks 
displayed  on  an  oscilloscope  just  start  to 
decrease  in  height.  Next,  turn  on  the 
processor  with  the  microphone  connect¬ 
ed  to  the  processor  input  and  its  output 
connected  to  the  transmitter  microphone 
jack.  With  the  processor  input  and  out¬ 
put  controls  full  on,  talk  into  the  micro¬ 
phone  while  backing  down  the  output 
control  until  the  maximum  pattern  height 
on  the  oscilloscope  is  the  same  as  after 
the  mike  gain  adjustment.  The  proces¬ 
sor  input  gain  control  is  adjusted  to 
match  propagation  conditions.  In  gener¬ 
al,  the  better  conditions  are,  the  less 
processing  should  be  used.  When  sig¬ 
nals  are  strong  and  interference  is  weak, 
some  operators  turn  off  their  processors 
entirely. 

One  of  the  most  annoying  characteris¬ 
tics  of  some  speech  processors  is  the 
loud  roar  that  replaces  the  operator’s 
voice  when  he  stops  talking.  This  roar  is 
usually  most  evident  when  transmis¬ 
sions  are  controlled  with  a  push-to-talk 
switch  (PTT)  rather  than  by  VOX.  We 
discovered  by  experiment  that  VOX  op¬ 
eration  with  a  short  delay  to  cut  off  the 
roar  generated  by  a  noisy  blower  elimi¬ 
nated  the  criticism  of  the  signal  elicited 
by  PTT  operation.  O 
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Cabinets  clockwise  from  top:  CPU/  Dual-cassette  drive,  Keyboard,  9"  Monitor. 


Meet  The  Digital  Group 


If  you  are  seriously  considering  the  purchase  of  a  microcomputer 
system  for  personal  or  business  use ...  or  just  beginning  to  feel  . 
the  first  twinges  of  interest  in  a  fascinating  hobby...  the  Digital 
Group  is  a  company  you  should  get  acquainted  with. 

For  many  months  now,  we've  been  feverishly  (and  rather  quietly) 
at  work  on  our  unique,  high-quality  product  — a  microcomputer 
system  designed  from  the  inside  out  to  be  the  most  comprehen¬ 
sive,  easy-to-use  and  adaptable  system  you'll  find  anywhere.  And 
our  reputation  has  been  getting  around  fast.  In  fact,  you  may  have 
already  heard  a  little  something  about  us  from  a  friend.  We've 
found  our  own  best  salesmen  are  our  many  satisfied  customers. 

There's  a  good  reason.  Simply,  the  Digital  Group  has  a  lot  to  offer: 
state-of-the-art  designs,  a  totally  complete  systems  philosophy, 
unexcelled  quality,  reasonable  software,  affordable  prices  and  the 
promise  that  our  products  will  not  become  rapidly  obsolete,  even 
in  this  fast-moving,  high-technology  field. 

The  Advantages 

Here  are  a  few  specific  advantages  of  our  product  line: 

•  We  offer  interchangeable  CPUs  from  different  manufacturers 
(including  the  new  "super  chip"  — the  Z-80  from  Zilog)  which 
are  interchangeable  at  the  CPU  card  level.  That  way,  your 
system  won't  become  instantly  obsolete  with  each  new  design 
breakthrough.  The  major  portion  of  your  investment  in  mem¬ 
ory  and  I/O  is  protected. 

•  Digital  Group  systems  are  complete  and  fully  featured,  so 
there's  no  need  to  purchase  bits  and  pieces  from  different  manu¬ 
facturers.  We  have  everything  you  need,  but  almost  any  other 
equipment  can  be  easily  supported,  too,  thanks  to  the  uni¬ 
versal  nature  of  our  systems. 

•  Our  systems  are  specifically  designed  to  be  easy  to  use. 
With  our  combination  of  TV,  keyboard,  and  cassette  recorder, 
you  have  a  system  that  is  quick,  quiet,  and  inexpensive.  To  get 
going  merely  power  on,  load  cassette  and  go! 

•  Design  shortcuts  have  been  avoided  — all  CPUs  run  at  full 
maximum  rated  speed. 

•  All  system  components  are  available  with  our  beautiful  new 
custom  cabinets.  And  every  new  product  will  maintain  the 
same  unmistakable  Digital  Group  image. 

The  Features 


•  Video/Cassette  Interface  Card 

512  character  upper  &  lower  case  video  interface 
100  character/second  audio  cassette  interface 

•  CPU  Card 

2K  RAM,  Direct  Memory  Access  (DMA) 

Vectored  Interrupts  (up  to  128) 

256  byte  1702A  bootstrap  loader 

All  buffering,  CPU  dependencies,  and  housekeeping 
circuitry 

•  Input/Output  Card 

Four  8-bit  parallel  input  ports 
Four  8-bit  parallel  output  ports 

•  Motherboard 

Prices  for  standard  systems  including  the  above  features  start  at 
$475  for  Z-80,  $425  for  8080  or  6800,  $375  for  6500. 

More 

Many  options,  peripherals,  expansion  capabilities  and  accessories 
are  already  available.  They  include  rapid  computer-controlled  cas¬ 
sette  drives  for  mass  storage,  memory,  I/O,  monitors,  prom  boards, 
multiple  power  supplies,  prototyping  cards  and  others.  Software 
packages  include  BASICs,  Assemblers,  Disassemblers,  Text  Edi¬ 
tors,  games,  ham  radio  applications,  software  training  cassettes, 
system  packages  and  more  (even  biorhythm). 

Sounds  neat  — now  what? 

Now  that  you  know  a  little  about  who  we  are  and  what  we're 
doing,  we  need  to  know  more  about  you.  In  order  for  us  to  get 
more  information  to  you,  please  take  a  few  seconds  and  fill  in  our 
mailing  list  coupon.  We  think  you'll  be  pleased  with  what  you 
get  back. 


P.O.  Box  6528 
Denver,  Colorado  80206 
(303)  777-7133 


OK,  I'd  like  to  get  to  know  you  guys  better. 
Send  me  the  whole  package! 


Digital  Group  Systems  — CPUs  currently  being  delivered:  Z-80  by 
Zilog  8080A/9080A  6800  6500  by  MOS  Technology 


All  are  completely  interchangeable  at  the  CPU  card  level.  Standard 
features  with  all  systems: 

•  Video-based  operating  system 
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Computer  Bits 
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COMPUTER  STORES 

THE  FIRST  hobby-computer  store 
opened  in  Los  Angeles  in  July  1975. 
Now,  a  year  and  a  half  later,  there  are 
well  over  100  of  them  across  the  coun¬ 
try.  Why  such  a  rapid  rise?  As  one  store 
owner  observed,  a  computer  store  "pro¬ 
vides  the  place,  the  people  and  the 
knowledge  to  help  out  the  hobbyist.”  It 
provides  the  hobbyist  with  a  place  to 
look  over  different  computers,  to  ask 
questions,  and  often  the  chance  to  try 
out  a  computer,  hands-on.  In  this  way, 
he  can  look  before  he  leaps. 

A  Typical  Store.  At  one  time  there 
were  two  basic  types  of  stores.  Both 
sold  a  variety  of  peripherals,  but  one 
sold  only  MITS  Altair  computers,  while 
the  other  sold  several  other  makes.  The 
former  type  of  store  can  concentrate  on 
a  single  line  of  computers,  and  develop 
an  expertise  in  the  sales,  operation  and 
service  of  a  minimum  number  of  main¬ 
frame  machines.  Now,  however,  as  dif¬ 
ferent  models  pour  into  the  marketplace, 
some  stores  that  previously  sold  only 
the  8800b  and  680b  computers  also  car¬ 
ry  others.  A  substantial  number,  though, 
still  prefer  to  concentrate  on  the  two  Al¬ 
tair  models,  offerring  a  host  of  peripher¬ 
als  to  go  with  them. 

If  you  walk  into  a  typical  computer 
store  today,  you’ll  find  at  least  one  oper¬ 
ating  computer  connected  to  a  Teletype 
or  to  a  keyboard  terminal  and  a  TV  mon¬ 
itor  or  receiver,  or  to  a  complete  CRT 
terminal.  Sometimes  a  peripheral  or  two 
are  also  on-line,  such  as  a  cassette-stor¬ 
age  device,  or  a  graphics  terminal  or 
printer.  Other  computers  are  on  coun¬ 
ters  or  in  display  cases,  along  with  mem¬ 
ory  boards,  Teletype  paper  and  tape, 
extender  boards,  power  supplies,  TV 
monitors,  interface  boards,  printers,  ter¬ 
minals,  breadboards,  keyboards,  etc. 
Not  every  store  will  have  all  these,  but 
many  do. 

Test  equipment  is  also  on  the  shelves, 
including  logic  probes,  logic  monitors, 
perhaps  a  pulse  generator,  and  maybe 
even  a  frequency  counter.  Some  tools 
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may  also  be  on  display,  such  as  for  wire¬ 
wrapping,  soldering  and  desoldering. 
There  are  computer  stores  that  also  car¬ 
ry  basic  tools  such  as  pliers,  screwdriv¬ 
ers,  soldering  irons,  etc. 

A  good  supply  of  parts  is  essential, 
since  half  of  the  hobby  computers  built 
from  kits  don’t  work  when  first  turned  on. 
Not  all  of  that  is  caused  by  solder 
bridges  and  miswiring.  So,  to  repair  the 
damage,  the  hobbyist  may  need  IC’s, 
LED’s,  and  1C  sockets,  which  most 
stores  carry,  along  with  breadboarding 
hardware,  hookup  wire,  etc. 

Books  and  Software.  Many  stores 
devote  a  large  amount  of  space  to 
books.  As  one  store  manager  put  it,  "We 
carry  books  about  everything  on  com¬ 
puters  and  data  processing  except  the 
social  issues.”  That  store  has  books  on 
hardware  design,  digital  techniques, 
flowcharting,  even  on  multiple  regres¬ 
sion  and  telecommunications.  They 
have  programming  texts  on  assembler, 


BASIC,  APL,  FORTRAN,  ALGOL,  and 
several  other  languages.  They  also  car¬ 
ry  software  books,  offering  assembly- 
language  programs  (such  as  the  Scelbi 
series  on  the  8080  and  8008)  and  BA¬ 
SIC  programs  (including  “101  BASIC 
Computer  Games”).  In  addition  to  pro¬ 
grams  being  offered  as  listings  in  these 
books,  the  store  also  has  many  pro¬ 
grams  on  PROM  memory  chips,  on  pa¬ 
per  tape,  and  on  cassette. 

Magazine  racks  are  used  by  many 
stores  to  display  up  to  half  a  dozen  dif¬ 
ferent  hobby  magazines.  And  there’s  al¬ 
ways  a  bulletin  board,  with  notices  of 
meetings,  “For  Sale”  ads  for  computer 
hardware,  listings  of  computer  courses, 
etc. 

You  may  also  find  T-shirts,  lettered 
with  slogans  such  as  “Does  Not  Com¬ 
pute,”  "Real  Time  Operator,”  or  "Baud 
Rated.” 

Chains.  Most  of  the  stores  are  inde¬ 
pendently  owned.  There  are  several 
chains,  one  with  over  a  dozen  stores, 
mainly  in  California,  another  with  half  a 
dozen  in  the  Northeast.  Late  last  year, 
an  industrial  electronics  distributor  an¬ 
nounced  plans  to  establish  computer 
display  counters  in  their  twelve  U.S. 
branches,  with  “working  models  of  five 
microprocessor  kits,  three  non-assem- 
bled  kits,  plus  four  additional  micro¬ 
processor  chips  not  in  kit  form.  Two 
complete  developmental  systems  will  be 
available.  In  addition,  books,  power  sup¬ 
plies,  tape  readers,  and  accessories  in 
kit  form  will  be  carried.” 


COMING  UP  IN  THE  MARCH 

Popular  Electronics* 

SPECIAL  FOCUS  ON  CB,  including: 

•  The  New  40-Channel  CB  Radios  & 

FCC  Rules  and  Regulations 

•  Crystal/Synthesized/PLL 
Frequency-Generation  Methods 

•  Sunspots  and  Their  Predicted  Effect 
on  Communications 

BUILD  A  DIGITAL 
BICYCLE  SPEEDOMETER 
PROGRAMMING  IDEAS  FOR 
THE  C0SMAC  “ELF” 

AUDIO  AMPLIFIER  OUTPUT  STAGES 
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how  oiten 
could  yoo  use 

an  Xcelite 

*  “90”? 


it’s  every 
tool  you 
need  99% 
of  the  time... 
an  Xcelite  original! 


it's  a  screwdriver 


. . .  for  slotted,  Phillips,  Frearson,  Bristol, 
dutch  head,  Scrulox ®  screws ;  in  inch 
and  metric  size  Allen  hex  and  Allen  hex 
ballpoint  socket  types;  and  Pozidriv * 
style. 

it's  a  nutdriver 

...in  inch  and  metric 
sizes,  regular,  stubby, 
and  magnetic,  for  hex  nuts,  screws, 
and  bolts. 


...for  greater  reach  and  torque. 


5  DIFFERENT  HANDLE  STYLES 

...regular  and  Tee,  with  and  without 
reversible  ratchet;  junior,  and  stubby; 
all  with  Xcelite’s  unique  spring  device 
for  quick  blade  insertion  and  removal. 

All  shockproof,  breakproof  (UL). 

85  INTERCHANGEABLE  BLADES 

. .  .all  the  popular  types  and  sizes.  All 
precision-made,  genuine  Xcelite  qual¬ 
ity.  Fit  all  five  handles. 

IN  SETS,  KITS, 

OR  PIECEMEAL 

...roll-up  service  kits, 
compact,  stand-up, 
plastic-cased  sets;  or 
individually  as  needed.  r 

in  stock  at  leading  in 

electronic  distributors. . . nationwide  h 

Weller-Xcelite  | 

Electronics  Division  ,| 

The  Cooper  Group  w 

P.  O.  BOX  728, 

APEX,  NORTH  CAROLINA27502 
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The  company’s  president  says,  “The 
industrial  distributor  has  never  really  ca¬ 
tered  to  the  hobbyist,  but  always  allowed 
cash  sales  because  many  engineers 
and  buyers  from  industry  bought  small 
quantities  for  their  personal  use.  With 
the  advent  of  the  microprocessor,  a 
whole  new  market  of  “Computerists” 
has  developed.  These  people  are  engi¬ 
neers,  programmers,  and  technicians 
from  industry  who  are  learning,  design¬ 
ing,  and  programming  microprocessor 
systems  at  home.  They  want  a  place  to 
browse,  read,  have  hands-on  practice, 
and  see  what  they  are  buying.” 

Repair  Facilities.  Some  computer 
stores  offer  repair  services.  One  store  in 
New  York  fixes  an  item  free  if  you 
bought  it  there  and  if  it’s  still  within  the 
warrantee  period.  After  that,  the  charge 
is  $10  to  $12  an  hour.  The  alternative  is 
to  send  your  computer  or  pc  board  or 
peripheral  to  the  manufacturer,  and  if 
the  warrantee  has  expired,  you  pay  $15 
to  $22  an  hour,  plus  shipping.  The  most 
common  problems  with  computers  built 


board,  or  a  memory  board,  or  the  rest  of 
the  computer,  you  can  narrow  it  down  by 
taking  the  two  or  three  boards  into  a 
computer  store  that  has  a  machine  like 
yours  in  operation.  They’ll  plug  in  your 
boards,  one  at  a  time,  after  first  checking 
for  shorts  that  might  cause  trouble,  and 
you’ll  soon  have  a  better  idea  of  where 
the  problem  is.  There’s  no  charge  for 
this  informal  checkout,  unless  you  want 
the  store  to  go  further  in  localizing  the 
problem.  However,  since  there  are  usu¬ 
ally  several  hobbyists  in  a  computer 
store  at  almost  any  time  of  the  day, 
especially  during  the  lunch  hour  and  af¬ 
ter  work,  you  might  get  some  very  useful 
advice  from  someone  who  had  the  same 
problem. 

Idea  Exchange.  Because  computer 
stores  are  often  meeting  places  for  com¬ 
puter  “freaks,”  they  are  good  places  to 
go  to  listen  in,  if  you’re  a  beginner,  and 
to  join  in  the  conversation,  once  you’ve 
learned  the  ropes.  You  can  learn  what 
others  think  of  this  or  that  computer  or 
pc  board  or  program,  you  can  often  find 
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The  Computer  Mart  (New  York)  typifies  hobbyist  stores  a  round  country . 


from  kits  are  solder  bridges  and  miswir- 
ing.  If  the  kit  has  otherwise  been  put 
together  correctly,  and  if  the  store  has  a 
good  digital  electronics  technician,  you 
might  save  time  and  money  by  having 
your  computer,  or  board,  or  whatever, 
repaired  right  there.  One  store  manager 
expects  his  repair  business  to  increase 
as  more  and  more  people  with  little  or  no 
electronics  knowledge  or  ability  try  to 
build  a  computer,  so  he’s  expanding  his 
service  department. 

If  you  can’t  get  your  computer  to  work, 
and  don’t  know  if  it’s  the  fault  of  the  CPU 


out  from  the  store  manager  what  new 
products  are  about  to  become  available, 
and  you  can  often  watch  one  of  the  store 
assistants  checking  out  a  new  piece  of 
equipment.  You  can  also  often  watch 
other  hobbyists  using  the  store’s  com¬ 
puter  to  check  out  some  new  program  or 
peripheral,  and  thus  help  you  decide  if 
it’s  something  you  want  to  get  into. 

In  short,  there’s  no  better  place  than  a 
good  computer  store  to  see  what’s  avail¬ 
able,  to  find  out  what’s  going  to  be  on 
the  market,  to  chat  with  others  afflicted 
with  computeritis,  and  to  get  help.  o 
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Unique  full-function 
8-digit  wrist  calculator 
available  only  as  a  kit 


A  wrist  calculator  is  the  ultimate  in  common-sense  portable 
calculating  power.  Even  a  pocket  calculator  goes  where  your 
pocket  goes — take  your  jacket  off,  and  you're  lost! 

But  a  wrist-calculator  is  only  worth  having  if  it  offers  a 
genuinely  comprehensive  range  of  functions,  with  a  full-size 
8-digit  display. 

This  one  does.  What's  more,  because  it  is  a  kit,  supplied  direct 
from  the  manufacturer,  it  costs  only  a  very  reasonable  $1 9.95. 
And  for  that,  you  get  not  only  a  high-calibre 
calculator,  but  the  fascination  of  building  it  yourself. 

How  to  make  10  keys  dothe  work  of  27 

The  Sinclair  Instrument  wrist  calculator  offers  the  full  ronge  of 
arithmetic  functions.  It  uses  normal  algebraic  logic  ('enter  it  as 
you  write  it').  But  in  addition,  it  offers  a  %  key;  plus  the 
convenience  functions  -/xT  1/x,  x2;  plus  a  full  5-funcfion  memory. 

All  this,  from  just  10  keys!  The  secret?  An  ingenious,  simple 
three-position  switch.  It  works  like  this. 


1 .  The  switch  in  its  normal,  central 
position.  With  the  switch  centered, 
numbers — which  make  up  the  vast 
majority  of  key-strokes — are 
tapped  in  the  normal  way 

2.  Hold  the  switch  to  the 
left  to  use  the  functions  to 
the  left  above  the  keys. 

3.  and  hold  it  to  the  right  to 
use  the  functions  to  the 
right  above  the  keys. 

The  display  uses  8  full-size 
red  LED  digits,  and  the 
calculator  runs  on  readily 
available  hearing-aid 
batteries  to  give  weeks 
of  normal  use. 


Assembling  the  Sinclair  Instrument 


wrist  calculator 


The  wrist  calculator  kit  comes  to  you 
complete  and  ready  for  ossembly.  All 
you  need  is  a  reasonable  degree  of 
skill  with  a  fine-point  soldering  iron. 


It  takes  about  three  hours  to 


assemble.  If  anything  goes 


wrong,  Sinclair  Instrument 


will  replace  any  damaged 


components  free;  we 


want  you  to  enjoy 


assembling  the  kit, 


and  to  end  up  with  a 


voluableand  useful 


calculator. 


mr.^  a 

(pesiP 


Wmm 


§§||t^  Contents 

Case  and  display 
window. 

Printed  circuit  board 
Switches 
Special  direct-drive  chip 
(no  interfoce  chip  needed). 
Display. 

Batteries. 


iPlI 


V  Jm 


$19.95 


vV-  Everythingispackagedinoneatplastic 

box,  and  accompanied  by  full  instructions. 
The  only  thing  you  need  is  a  fine-point  soldering  iron. 

All  components  are  fully  guaranteed,  and  any  which  are 
damaged  during  assembly  will  be  replaced  free. 

The  wrist-calculator  kit  is  available  only  direct  from 
Sinclair  Instrument.  Take  advantage  of  this  10  day  money- 


back  offer. 


Send  the  coupon  today. 


|  To:  Sinclair  Instruments  Inc. 
i  6  Commercial  Street 


Hicksville,  NY  11801 


Please  send  me 


Sinclair  wrist  calculator  kit(s)  at  $19.95$ 


Sales  tax  (NY  residents) 


Shipping  &  handling  ($2.50  per  unit)  _ 

■  Enclosed  is  check/MO  (payable  to 

I  Sinclair  Instruments  Inc.)  TOTAL  $ _ 


Sinclair  Instruments  Inc. 
6  Commercial  Street 
Hicksville,  N.Y.  11801 


I  understand  that  you  will  refund  the  purchase  price  of  the  kit 
I  in  full  if  I  return  it  in  saleable  conditiion  within  10  days  of 
|  receipt. 
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Put  Professional  Knowledge  and  a 

COLLEGE  DEGREE 


in  your  Electronics  Career  through 


by  correspondence,  while  continuing  your  pres¬ 
ent  job.  No  commuting  to  class.  Study  at  your 
own  pace.  Learn  from  complete  and  explicit 
lesson  materials,  with  additional  assistance  from 
our  home  study  instructors.  Advance  as  fast  as 
you  wish,  but  take  all  the  time  you  need  to  master 
each  topic.  Profit  from,  and  enjoy,  the  advantages 
of  independent  study. 

The  Grantham  electronics  degree  program 
begins  with  basics,  leads  first  to  the  A.S.E.T. 
degree,  and  then  continues  through  the  B.S.E.E. 
degree  level.  Our  free  bulletin  gives  complete 
details  of  the  program  itself,  the  degrees  award¬ 
ed,  the  requirements  for  each  degree,  and  how 
to  enroll.  Write  or  phone  (no  collect  calls  please) 
and  ask  for  BULLETIN  E-77 

Grantham  School  of  Engineering 

2000  Stoner  Ave.,  Los  Angeles,  CA  90025 


•  Telephone  (213)  477-1901  • 


Worldwide  Career  Training  thru  Home  Study 

CIRCLE  NO.  34  ON  FREE  INFORMATION  CARO 

The  POLY  88 


Microcomputer 
System 


POLY  88  is  a  complete,  solid  and 
trustworthy  personal  computer. 
No  technological  background  is 
required  to  enjoy  this  versatile 
machine. 

The  POLY  88  is  the  invaluable  tool 
for  the  home  and  office.  With  it, 
children  can  play  or  even  develop 
their  own  mathematical  and  sci¬ 
entific  games.  Simple  or  Complex 
equations  and  projections  can  be 
programmed,  stored  and  altered  in 
the  BASIC  programming  language. 
The  POLY  88  starts  at  $595  in 
kit  form. 

If  you  are  in  need  of  a  quality  tool, 
the  POLY  88  is  it. 

PolyMorphic 

Systems 

737  S.  Kellogg,  Goleta,  CA  93017 
(805)  967-2351 

CIRCLE  NO.  51  ON  FREE  INFORMATION  CARO 


NOAA 

WEATHER  RADIO 
OPERATING  LOCATIONS 


The  National  Oceanic  and  Atmospheric  Administration  (NOAA)  National 
Weather  Service  is  the  sole  government-operated  radio  system  for  com¬ 
municating  attack  or  weather  disaster  warnings  directly  to  the  public — as  well 
as  regular  weather  reports.  A  vhf  high-band  receiver  or  scanning  monitor  is  re¬ 
quired  to  pick  up  these  broadcasts. 


Transmitter  Site 

Alabama 

Call  Letters 

Frequency 

(MHz) 

‘Birmingham 

KlH-54 

162.55 

‘Cheha 

KIH-58 

162.475 

‘Dozier 

KIH-59 

162.55 

‘Florence 

KIH-57 

162.475 

Huntsville 

KIH-20 

162.40 

‘Louisville 

KIH-56 

162.475 

Mobile 

KEC-61 

162.55 

‘Montgomery 

KIH-55 

162.40 

‘Tuscaloosa 

KIH-60 

162.40 

Alaska 

Anchorage 

KEC-43 

162.55 

Seward 

KEC-81 

162.55 

Arizona 

Phoenix  t 

KEC-94 

162.55 

California 

Coachella 

KIG-78 

162.40 

Crescent  City,  Calif./ 
Brookings,  Ore. 

KIH-37 

162.55 

Eureka 

KEC-82 

162.40 

Los  Angeles 

KWO-37 

162.55 

Monterey 

KEC-49 

162.40 

Point  Arena 

K1H-30 

162.40 

Sacramento 

KEC-57 

162.40 

San  Diego 

KEC-62 

162.40 

San  Francisco 

KHB-49 

162.55 

San  Luis  Obispo 

KIH-31 

162.55 

Santa  Barbara 

KIH-34 

162.40 

Colorado 

Denver 

KEC-76 

162.55 

Connecticut 

New  London 

KHB-47 

162.40 

Florida 

Daytona  Beach 

KIH-26 

162.40 

Jacksonville 

KHB-39 

162.55 

Key  West 

KIH-25 

162.40 

Miami 

KHB-34 

162.55 

Panama  City 

KGG-67 

162.55 

Pensacola 

KEC-86 

162.40 

Tallahassee 

KIH-24 

162.40 

Tampa 

KHB-32 

162.55 

West  Palm  Beach 

KEC-50 

162.40 

Georgia 

Atlanta 

KEC-80 

162.55 

Savannah 

KEC-85 

162.40 

Hawaii 

Hilo 

KBA-99 

162.55 

Honolulu 

KBA-99 

162.55 

Kokee 

KBA-99 

162.40 

Mt.  Haleakala 

KBA-99 

162.40 

Illinois 

Chicago 

KWO-39 

162.55 

Indiana 

Evansville 

KIG-76 

162.55 

Indianapolis 

KEC-74 

162.55 

Iowa 

Des  Moines 

KEC-75 

162.55 

Kansas 

Wichita 

KEC-59 

162.55 

Kentucky 

Ashland 

KIH-39 

162.55 

Bowling  Green 

KIH-45 

162.40 

Covington 

KIH-42 

162.55 

Hazard 

KIH-40 

162.475 

Lexington 

KIH-41 

162.40 

Louisville 

KIH-43 

162.475 

Mayfield 

KIH-46 

162.475 

Somerset 

KIH-44 

162.55 

Louisiana 

Baton  Rouge 

KHB-46 

162.40 

Lake  Charles 

KHB-42 

162.55 

Morgan  City 

KIH-23 

162.475 

New  Orleans 

KHB-43 

162.55 

Maine 

Ellsworth 

KEC-93 

162.40 

Portland 

KDO-95 

162.55 

Maryland 

Baltimore 

KEC-83 

162.40 

Salisbury 

KEC-92 

162.40 

Massachusetts 

Boston 

KHB-35 

162.40 

Hyannis 

KEC-73 

162.55 

Michigan 

Alpena 

KIG-83 

162.55 

Clio 

KIH-29 

162.40 

Detroit 

KEC-63 

162.55 

Grand  Rapids 

KIG-63 

162.55 

Marquette 

KIG-66 

162.55 

Sault  Sainte  Marie 

KIG-74 

162.55 

Traverse  City 

KIH-22 

162.55 

Minnesota 

Duluth 

KIG-64 

162.55 

Minneapolis 

KEC-65 

162.55 

Mississippi 

‘Ackerman 

KIH-51 

162.475 

‘Booneville 

KIH-53 

162.55 

‘Bude 

KIH-48 

162.55 

Gulfport 

KIH-21 

162.40 

‘Iverness 

KIH-50 

162.55 

Jackson 

KIH-38 

162.40 

‘McHenry 

KIH-47 

162.475 

POPULAR  ELECTRONICS 


'Oxford 

KIH-52 

162.40 

'Rose  Hill 

KIH-49 

162.55 

'Beaufort 

WXJ-23 

162.475 

'Columbia 

WXJ-20 

162.40 

'Florence 

WXJ-22 

162.55 

'Greenville 

WXJ-21 

162.55 

Missouri 

Kansas  City 

KID-77 

162.55 

St.  Joseph 

KEC-77 

162.40 

St.  Louis 

KDO-89 

162.55 

Nebraska 

'Omaha 

K1H-61 

162.40 

New  Jersey 

Atlantic  City 

KHB-38 

162.40 

New  Mexico 
Albuquerque 

KIG-84 

162.40 

New  York 

Buffalo 

KEB-98 

162.55 

New  York  City 

KWO-35 

162.55 

Rochester 

KHA-53 

162.40 

North  Carolina 

Cape  Hatteras 

KIG-77 

162.55 

New  Bern 

KEC-84 

162.40 

Wilmington 

KHB-31 

162.55 

Ohio 

Akron 

KDO-94 

162.40 

Cleveland 

KHB-59 

162.55 

Columbus 

KIG-86 

162.55 

Sandusky 

KHB-97 

162.40 

Oklahoma 

Tulsa 

KIH-27 

162.55 

Oregon 

Astoria 

KEC-91 

162.40 

Coos  Bay 

KIH-32 

162.40 

Eugene 

KEC-42 

162.40 

Newport 

KIH-33 

162.55 

Portland 

KIG-98 

162.55 

Pennsylvania 

Erie 

KEC-58 

162.40 

Philadelphia 

KIH-28 

162.475 

Pittsburgh 

KIH-35 

162.55 

South  Carolina 

Charleston 

KHB-29 

162.55 

Myrtle  Beach 

KEC-95 

162.40 

Tennessee 

Nashville 

KIG-79 

162.55 

Texas 

Brownsville 

KHB-33 

162.55 

Corpus  Christi 

KHB-41 

162.55 

Dallas 

KEC-56 

162.40 

Fort  Worth 

KEC-55 

162.55 

Galveston 

KHB-40 

162.55 

Houston 

KGG-68 

162.40 

Pharr 

KHB-33 

162.40 

Utah 

Salt  Lake  City 

KEC-78 

162.55 

Vermont 

Burlington 

KIG-60 

162.40 

Virginia 

Manassas 

KHB-36 

162.55 

Norfolk 

KHB-37 

162.55 

Washington 

Neah  Bay 

KIH-36 

162.55 

Seattle 

KHB-60 

162.55 

Yakima 

KIG-75 

162.55 

Wisconsin 

Green  Bay 

KIG-65 

162.55 

Milwaukee 

KEC-60 

162.40 

'Stations  expected  to  be  in  operation  by  end 
of  1977. 


lHc!nto$h  CATALOG 
FM  DIRECTORY 


Get  all  the  newest  and  latest  information  on  the  new  McIntosh  Sol¬ 
id  State  equipment  in  the  McIntosh  catalog*  In  addition  you  will 
receive  an  FM  station  directory  that  covers  all  of  North  America. 


MX  113 


-AM  TUNER  AND  PREAMPLIFIER 


McIntosh  Laboratory,  Inc. 

I  East  Side  Station  P.O.  Box  96 
Binghamton,  N.Y.  13904 
I  Dept.  PE 

I  NAME _ : _ 

|  ADDRESS _ 

I  CITY _ STATE _ ZIP. 


FM/FM  STEREO 


SEND 

TODAY! 


If  you  are  in  a  hurry  for  your  catalog  please  send  the  coupon  to  McIntosh. 
For  non  rush  service  send  the  Reader  Service  Card  to  the  magazine. 

CIRCLE  NO.  44  ON  FREE  INFORMATION  CARO 


★  FREE!  ★ 


NEW  CATALOG  OF 
HARD-TO-FIND 
PRECISION  TOOLS 

Jensen’s  new  128-page  catalog  is  jam- 
packed  with  more  than  2800  quality 
items.  Your  single  source  for  hard-to- 
find  precision  tools  used  by  electronic 
technicians,  scientists,  engineers,  in¬ 
strument  mechanics,  schools,  labora¬ 
tories  and  government  agencies.  This 
wanted  catalog  also  contains  Jensen’s 
world-famous  line  of  more  than  40  tool 
kits.  Plus  10  pages  of  useful  ‘Tool  Tips” 
to  aid  in  tool  selection.  Send  for  your 
free  copy  today! 


■  6 


JENSEN  TOOLS  and  ALLOYS 
4117  N.44lh  Stntfl.  Photnix,  Arizona  85018 


]|P  SAVE  m 

Brand  Name  Audio 
Components, 
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where  the 

CB  acts 

Millions  of  2-way  CB  radios  are  in 
use— millions  of  new  ones  are  being  sold  an¬ 
nually  to  new  CBers  and  for  replacing  old 
units — what  a  market  for  repair  service.  It’s  the 
biggest  thing  in  electronics  since  color  TV. 
There’s  only  one  thing  wrong  with  CB 
growth— the  lack  of  technicians  capable  of 
servicing  CB  radios.  That's  why  many  TV 
shops  are  expanding  into  CB  and  why  new  CB 
shops  are  opening  up  all  over  the  country. 
Going  CB  servicing  rates  run  from  $12  to  $24 
per  hour. 

To  get  into  CB  radio  servicing,  full-time  or 
part-time,  you  need  test  equipment,  an  FCC 
operator  license  and  to  learn  how.  To  learn 
how,  you  can  buy  the  CB  RADIO  REPAIR 
COURSE  for  cash,  on  a  monthly  payment  plan, 
or  charge  the  cost  to  your  BankAmericard  or 
Master  Charge  account. 

To  make  it  easy  to  study,  this  70-lesson 
course  employs  the  PROGRAMMED  teaching 
technique  and  sticks  to  the  target— CB  radio. 
Study  at  your  own  pace  as  you  receive  the 
self-examininq  lessons.  We  can't  guarantee 
that  you  will  become  a  CB  expert  since  that 
depends  on  you. 

To  get  the  facts  about  this  course, 
write  a  letter  or  card  or  mail  the  coupon  below 
today.  No  salesman  will  call. 

CB  RADIO  REPAIR 

COURSE,  INC.  Dept.  PE-27 

531  N.  Ann  Arbor 

Oklahoma  City,  OK  73127 

Please  send  information  about  your  Course  to: 

Name  _ 

Address  _ 

City _ State _ Zip - 

CIRCLE  MO.  16  ON  FREE  INFORMATION  CARD 


Dept.  PE-27 


INTRODUCING 


m, 


The 

NEW  W 

PHLfflCilR  kit 

Phil  Spector’ s  original  nBig  Hurt” 
sound  is  EXACTLY  duplicated  using 
PAIA’s  new  constant  time  delay 
PH L ANGER.  This  unit  features  a 
1024  stage  Charge  Coupled  Device 
analog  shift  register  that  exactly 
duplicates  the  effect  of  2  tape  recorders 
running  out  of  synchronization. 

Multiple  user  controls  allow  effects 
ranging  from  chorusing,  voice  doubling 
and  reverb  to  full  "Jet  Plane”  effects. 
Optional  foot  pedals  provide  hands 
free  control  of  internal  osciHator  sweep 
speed  or  manual  spectrum  sweeping. 

#1500 . PHLANGER  Kit . $59.  95 

(plus  shipping  for  4  lbs. ) 


CIRCLE  NO.  48  ON  FREE  INFORMATION  CARO 


Operation  Assist 

If  you  need  information  on  outdated  or  rare 
equipment— a  schematic,  parts  list.  etc. — another  reader 
might  be  able  to  assist.  Simply  send  a  postcard  to  Opera¬ 
tion  Assist.  Popular. Electronics,  i  park  Ave..  New  York » 
NY  10076.  For  those  who  can  help  readers,  please  re¬ 
spond  directly  to  them.  They'll  appreciate  it.  (Only  those 
items  regarding  equipment  not  available  from  normal 
sources  are  published.) 


Blaupunkt  Verona  type  20103  hi-fi  radio.  Any  service  mate¬ 
rial,  especially  dial  cord  restringing  info.  Lewyn  F.  Cutten,  Jr., 
102  W.  Idaho  St.,  Ellensburg,  WA  98926. 

Hallicrafters  S-20-R  shortwave  receiver.  Any  information  or 
owner’s  manual  or  photocopy.  Bradley  Richelson,  8  Ran¬ 
dolph  St.,  Plymouth,  NH  03264. 

RCA  military  receiver  Model  RAL-6,  type  CRV-461 56.  Serial 
172,  Rect.  Power  Unit  #  CRV-20131.  Circa  December  29, 
1941.  Covers  0.3  to  23  MHz.  Schematic  diagrams  or  any 
other  info.  George  Tobin,  New  Gloucester,  ME  04260. 

Superior  Instruments  Co.  Model  TV-1 1  Tube  Tester,  Mod¬ 
el  76  CR  bridge  and  signal  tracer,  Model  77  VTVM.  Instruc¬ 
tion  manuals  and  schematics.  John  Schreyer,  W2KQV,  610 
Bay  25  St.,  Far  Rockaway.NY  11691. 

Philco-Tropic  Model  39-750.  Schematic  and/or  service 
manual  and  parts  source.  Irving  Leiboff,  667  E.  34  St., 
Brooklyn,  NY  11203. 

Hammarlund  Model  SP-600J  receiver.  Alignment  informa¬ 
tion.  W.  Harwood,  Box  563,  Hudson  Hope,  BC,  Canada  VIC 
1VO. 

Paco  Model  C-20  Resis-Capacity  Ratio  Bridge.  Instruction 
manual  and  schematic.  Jose  Varas,  515  4th  St.,  Union  City, 
NJ  07087. 

Realistic  Model  105  Tube  Tester.  Schematic  and/or  opera¬ 
tions  manual.  Dr.  Ali  Allmaker,  Woodcock  Rd.,  Williamstown, 
MA01267. 

Jetronic  Model  AN-USM-81  oscilloscope,  Need  schematic 
and  instruction  manual.  Ben  Goble,  Rockmont  College,  8801 
W.  Alameda  Ave.,  Lakewood,  CO  80226. 

Radson  Model  RT-70A  radio  telephone.  Operation  manual 
and  wiring  diagram.  John  K.  Jakvis,  DR  520,  Schertz,  TX 
78154, 

Panoramic  Model  LP-1  sonic  analyzer.  Need  schematic, 
manual  or  source  of  information.  Gregory  A.  Marks,  1737 
Sanford,  Ann  Arbor,  Ml  48103. 

De  Vry  5"  oscilloscope  and  transistor  voltmeter.  Construc¬ 
tion  manual  or  schematics  needed.  Paul  Etchason,  406  W. 
Monroe,  Kokomo,  IN  46901. 

Arkay  FL-10  amplifier.  Need  service  or  operating  manual 
and  schematic.  Edwin  L.  Dews,  703  Tammy,  San  Antonio, 
TX  78216. 

Friden  Model  132  electronic  calculator.  Schematic  and/or 
service  manual.  Steven  Eubanks,  8833  Westlawn  Blvd., 
Olmsted  Falls,  OH  44138. 

Kaar  Model  TR  327  Citizens  Band  radio.  Schematic  and 
alignment  data.  M,  W.  Murphy,  Rt.  2  Box  554,  Hayden  Lake, 
ID  83835. 

RCA  Model  81 6K  superheterodyne  receiver.  Need  any  avail¬ 
able  information,  Jim  Burrell,  Rte.  2,  Sallis,  MS  39160. 

Bendix  RT-221AE-28  aircraft  transceiver.  Need  service 
manual  or  schematic.  George  Kapsokavadis,  23  Kolotroni 
St.,  Kerkya,  Greece. 

Knightkit  VTVM.  Need  schematic  and  calibration  instruc¬ 
tions.  Don  Bradley,  P.  O,  Box  1213,  Uallejo,  CA  94590. 

Friden  Model  5023  computyper.  Operating  and  service  ma¬ 
nuals.  John  G.  Peters,  1905  Victory  Blvd.,  Unit  11,  Glendale, 
CA  91201. 

Ultronic  Systems  Videomaster  7700  computer  terminal. 
Need  service  manual,  modem  requirements  and  any  avail¬ 
able  data.  Charles  E.  Gerhardt,  2134  Springhill,  Dallas,  TX 
75228. 

Hallicrafter  Model  S-40B  receiver.  Schematic  or  any  avail¬ 
able  information.  Ron  J.  Jones,  4871  Kingridge  Dr.,  San 
Jose,  CA  951 24. 

Alexander  Model  ALX  CR900  battery-ac  tape  recorder. 
Need  schematic  and  service  manual.  Mr.  Bailey,  426  Slocum 
Ave.,  Neptune,  NJ  07753. 


World's  first 
Hid  Kate 


•  No  Moving  Parts 

•  Nothing 

to  Wear  Out 

•  100% 
Environment 
Proof 


Available  early  1977  along  with  revolution¬ 
ary  new  non -capacitive  Solid  State  Switch* 
So  simple  to  adopt  to  your  specific  appli¬ 
cation  .  .  .  enables  any  engineer  or  amateur 
to  design  and  fabricate  space  age  instrument 
controls,  rheostats,  terminal  keyboards,  etc. 

to  reserve  your  kit  now  and  for  more 
information,  call  us  or  mail  coupon  today! 


I'm  interested!  Please  send  me  your  FREE 
BROCHURE  about  the  Kit. 


Company . 


Address  . 


State  . 


ijonjg  du 

1191  Chess  Drive  •  Foster  City,  CA  94404 
(415)  574-2541 

CIRCLE  NO.  41  ON  FREE  INFORMATION  CARO 


\Wr  The  It 
r  PROOF  is  In  \ 
I  PERFORMANCE! 


pf; 


Amazing  MEGASPARK,  the  advanced-design 
Opto-Electronic  Breakerless  Ignition  System, 
FITSANY  CAR!  Replaces  points  and 
condenser  —  gives  longer  spark  plug  life. 
Increases  performance,  mileage  and  driving 
satisfaction  while  cutting  fuel  and 
maintenance  costs  dramatically.  Learn  the 
facts  and  don’t  settle  for  less  than  the  best. 
Models  from  $29.50  to  $64.50 

The  only  unit  that  gives  yau’aUtfiefse  features* 

•  LIFETIME  WARRANTY 

•  DIFFERENTIAL  AMPLIFIER  CIRCUITRY 

•  FULL  INTERNAL  VOLTAGE  REGULATION 

•  AUTOMATIC  OVERCURRENT  PROTECTION 


Rush  name  and  address  for  FREE  information  package 
including  catalog  and  discount  offer.  Or  call  toil-free 
24- hours  800-648-471 1 ,  Ext.  22. 


■  I  4  •  I  ■ 


CIRCLE  NO.  36  ON  FREE  INFORMATION  CARD 

POPULAR  ELECTRONICS 


Perfect  listening. 

All  Stax  Earspeakers™  connect 
through  an  adaptor  box  to  your  power 
amp,  integrated  amp  or  receiver,  just 
like  speakers.  The  box  permits  a 
vastly  superior  electrostatic  principle 
to  be  used  in  Stax  personal  listening 
instruments. 


Results?  Incredible  transients.  Re¬ 
sponse  curves  that  match  the  human 
ear  perfectly.  And  no  “flaking”  of 
preamp  circuitry  that  occurs  with 
those  non-box  “headphones”  that 
plug  into  the  front  panel. 

Why  the  box?  Because  you  can 
tell  the  difference. 


CTA  •  The  inventor  of  the 
^  IxVA*  electrostatic  earspeaker. 


Distributed  in  the  U.S.  by: 


d  American 
Audioport 

Columbia,  MO  65201 


FEBRUARY  1977 


CIRCLE  NO.  65  ON  FREE  INFORMATION  CARO 


VOICE  ACTIVATED  SWITCH 

Activates  devices  such  as 
I- lights,  tape  recorders  etc. 
^  Comes  with  5"  leads.  3  x 
1".  Operates  on  4.5  VDC. 
ncy  Shpg.  wt.  %  lb. 

I  XM-556 


8-TRACK  Blank  Tape 

p  40-Min.  Blank  tapes  for 
^  U  quality  reproduction.  Just 
■  ■TV  the  right  length  for  record- 
■■  ing  most  LP'S  etc.  Shpg. 

Reg.g0C-»»  TA.907 

ELECTROLYTIC  CAPACITOR  KIT 


CD-407 


Package  of  50  axial  and 
radial  lead  types.  Low 
voltage,  high  capacity 
types.  Shpg.  wt.  1  lb. 


SOLDERING  IRON 

H  #51  Easy  to  use  penci 

^)>  ■  ■  V  fnr  Ihnco  Holir-at 


Easy  to  use  pencil-tip  iron 
for  those  delicate  solder¬ 
ing  jobs.  Reaches  tem¬ 
perature  to  250°.  9V4” 
long.  117  VAC.  Shpg.  wt. 

1/4  lb  TL-448 


HARDWARE  AND  COMPONENTS 

Vs  RPM  Timing  Motor  115V.  AC 

I  RPM  Timing  Motor  115V.  AC 
3-6V.  DC  Hobby  Motors  Kit  of  5 
2-Speed  Motor  1 15V.  AC 

3600  RPM  Motor  115V.  AC 
4000  RPM  Appliance  Motor  115V.  AC 
6V.  Panel  Lamp  1-Red  1-Green 
6V.  30  ma.  Lamp  W/Leads  Pkg.  2 
6V,  Mini-Screw  Base  Bulb,  Pkg.  2 
12V.  Mini-Screw  Base  Bulb.  Pkg,  2 
12V.  Bipin  Mini  Bulbs,  Pkg.  2 
TV  Cheater  Cord,  Pkg.  of  2 
Terminal  Strips,  Pkg.  40  Asstd. 
25B474  Output  Transistor 
Fairchild  703  Type  1C 
Fairchild  717  Type  1C 
1C  Grab  Bag,  10  Asstd.  Types 
Calculator  1C  Chip.  Nortec  4202 
SCR  Grab  Bag,  25  Asstd.  Types 
Cadmium  Photo  Cells,  Pkg.  of  2 
Motorola  Amplifier  1C,  8  Pin  D.  I  P. 
Aluminum  Heat  Sink  Wa  x  Vi  x 
12  Digit  Calculator  1C 
20  Key  Calculator  Keyboard 
.3"  7  Seg.  L.E.D.,  Green,  Comm,  A 
.3"  7  Seg.  L.E.D.,  Yellow,  Comm.  A 
.3“  7  Seg.  L.E.D.,  Red,  Comm.  A 
Sperry  9  Digit  Display 
.3  7  Seg.  L.E.D.,  Red,  Comm.  K 
Tl  Calculator  Keyboard,  20  Key 
16  Key  Switch  Pad,  Less  Keys 
23  Key  Switch  Pad,  Less  Keys 
Calculator  Keys.  Pkg,  of  20  Asstd. 
455  KHz  IF  Transformer,  Pair 
Toggle  Switch  Kit,  Pkg.  3  Asstd. 

Mini  Toggle  Switch  D.P.D.T.  3A. 
See-Saw  Rocker  Switch  D.P.D.T.  3A. 
Center-Off  Mini  Toggle  S.P.D.T.  3A. 
Three  Level  Push  Switch.  8A. 

Mercury  Switch,  S.P.D.T.  5A. 

117  V.  AC  Relay,  Mini,  S.P.D.T.  2A 
Mini  Rocker  Switch,  S.P.S.T.  1A. 

Leaf  Switch,  S.P.D.T.  5A.  Pkg.  2 
Heavy  Duty  Toggle,  3.P.D.T  10A. 

117  V.  AC  Solenoid,  1"  Travel 
Slide  Switch,  D.P.3.T,  Pkg,  of  2 

II  PC  Slide  Switch  Kit 

6  &  12V.  Trans.,  117V.  PRI.  5A  SEC. 
12  &  10V.  Trans.,  117V.  PRI  ,2A  SEC. 
6.3V.  Trans.,  117V.  PRI  1A.  Sec. 
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!  □  Free  PA  Catalog 

I  How  I  Stock  I 
|  Many  |  Number  | 


D  Send  Olson  Catalog 
□  Ship  The  Following: 

Option  I  Price  I  Total 


ENCLOSE  POSTAGE  AND  SALES  TAX 
CIRCLE  NO.  66  ON  FREE  INFORMATION  CARD 


11 1^ 

Electronics  Library 


DIGITAL  EQUIPMENT  SERVICING  GUIDE 

by  Robert  G.  Middleton 
This  book  was  written  for  the  technician 
whose  troubleshooting  experience  has  been 
limited  to  linear  circuits  such  as  in  radio  and 
TV  circuits.  A  great  many  digital  circuits  are 
described  here,  along  with  information  on 
how  they  work,  what  can  go  wrong  with  them, 
and  how  to  detect  and  repair  the  problems. 
The  seven  chapters  cover  basic  technology, 
gates,  adders,  subtractors,  counters,  display 
devices,  digital  logic  in  electronic  instru¬ 
ments,  and  digital  frequency  display. 
Published  by  Howard  W.  Sams  &  Co.,  4300 
W.  62nd  St.,  Indianapolis,  IN  46206.  104 
pages.  $5.95  soft  cover. 

THE  RECORDING  STUDIO  HANDBOOK 

by  John  M.  Woram 
Eighteen  chapters  cover  the  techniques  of 
creative  sound  recording  and  just  about  ev¬ 
ery  aspect  of  modern  recording  technology. 
The  book  is  in  eight  sections,  on  basics  (the 
decibel,  sound),  microphones  and  loud¬ 
speakers,  signal-processing  devices  (equal¬ 
izers,  compressors,  phasing,  etc.),  magnetic 
recording,  noise  and  noise  reduction,  record¬ 
ing  consoles,  recording  techniques  (record¬ 
ing  session,  mixdown  session),  and  appen¬ 
dices  that  include  an  extensive  bibliography. 
Published  by  Sagamore  Publishing  Co.,  1 120 
Old  Country  Rd.,  Plainview,  NY  11803.  496 
pages.  $35.00  hard  cover. 

THE  CB  OPERATOR’S  KIT 

by  the  Editors  of  Consumers  Guide 
Packed  in  a  waterproof  plastic  pouch  that  fits 
conveniently  into  an  auto’s  glove  compart¬ 
ment,  the  kit  includes  a  “CB  Operator’s  Man¬ 
ual  &  Log,”  a  road  map  of  the  US,  10-code 
card,  and  a  CB  decal  with  space  for  the  oper¬ 
ator’s  call  number  and  handle.  The  book  dis¬ 
cusses  how  CB  radio  works,  how  to  get  your 
license,  basic  rules  for  operation,  installing  a 
CB  radio  in  your  car,  theft  prevention,  using 
the  channels,  the  many  uses  of  CB,  a  coast- 
to-coast  trip  using  CB,  dictionary  of  CB  jar¬ 
gon,  and  the  FCC  rules  and  regulations.  A  log 
section  provides  space  to  record  calls  made, 
while  another  section  is  for  keeping  track  of 
“CB  Buddies.”  The  map  shows,  by  state  and 
highway,  the  channels  most  frequently  used 
by  truckers,  emergency  personnel  and  po¬ 
lice,  and  on  the  back  is  a  list  of  almost  100 
“town  handles,”  from  Monkey  Town  to  Cow¬ 
boy  City,  plus  a  large  10-33  sign  for  display  in 
emergencies. 

Published  by  Simon  and  Schuster,  630  Fifth 
Ave.,  New  York  NY  10020.  192  pages.  $5.95 
soft  cover. 


SAVE! 


MONEY  •  TIME  •  FREIGHT 

QUALITY  STEREO  EQUIPMENT 
^  AT  LOWEST  PRICES. 

W-  YOUR  REQUEST  FOR  QUOTA- 
TION  RETURNED  SAME  DAY. 

k.  FACTORY  SEALED  CARTONS— 
^  GUARANTEED  AND  INSURED. 

SAVE  ON  NAME  BRANDS  LIKE: 
3*  A.D.C.  KLH 

A.R.  SHURE 

DYNACO  KOSS 

SONY  FISHER 

PIONEER 

AND  MORE  THAN  50  OTHERS 
BUY  THE  MODERN  WAY 
BY  MAIL -FROM 

BO 

iIIiaoi/  audio 

Department  217S 
12  East  Delaware 
Chicago,  Illinois  60611 
L.  312-664-0020  A 
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PLANNING  TO 


Let  us  know  8  weeks  In  advance  so  that  you 
won’t  miss  a  single  issue  of  POPULAR 
ELECTRONICS. 

Attach  old  label  where  indicated  and  print 
new  address  in  space  provided.  Also  include 
your  mailing  label  whenever  you  write  con¬ 
cerning  your  subscription.  It  helps  us  serve 
you  promptly. 

Write  to:  P.O.  Box  2772,  Boulder,  CO  80323, 
giving  the  following  information: 

□  Change  address  only  □  Extend  my  subscription 

ENTER  NEW  SUBSCRIPTION 

□  1  year  $9,98  □  Payment  enclosed 

Allow  30-60  days  for  (1  extra  BONUS  issue) 
deIlvery‘  □  Bill  me  later 

NEW  ADDRESS  HERE  n9n-J 


please  print 


Additional  postage  per  year:  For  Canada  add  £3.  For  countries  outside 
U.S  and  Canada,  add  $5-  cash  in  U.S.  currency  only 

£*FFIX  OLD_LABEL-^ _ _ 

l“7o7h7ve7o  label  handy,  print  OLD  address  here.  , 


j  if  you  have  no  I; 
|  Name - 

k 

)  Address - 

r 

|  City - 


please  print 


POPULAR  ELECTRONICS 


ELECTRONICS  MARKET  PIACF 

r  firms  or  individuals  offering  commercial  products  or  services,  $2.25  per  word  (including  name  and 


Advertiser  to  supply  film  positives.  For  frequency  rates,  please  inquire. 

GENERAL  INFORMATION:  First  word  in  all  ads  set  in  caps  at  no  extra  charge.  All  copy  subject  to  publisher’s  approval.  All  advertisers  using  Post  Office  Boxes 
in  their  addresses  MUST  supply  publisher  with  permanent  address  and  telephone  number  before  ad  can  be  run.  Advertisements  will  not  be  published  which 
advertise  or  promote  the  use  of  devices  for  the  surreptitious  interception  of  communications.  Ads  are  not  acknowledged.  They  will  appear  in  first  issue  to  go  to 
press  after  closing  date.  Closing  Date:  1st  of  the  2nd  month  preceding  cover  date  (for  example,  March  issue  closes  January  1st.  Send  order  and  remittance  to 
POPULAR  ELECTRONICS,  One  Park  Avenue,  New  York,  New  York  10016,  Attention:  Hal  Cymes. 


FOR  SALE 


FREE!  Bargain  Catalog— I.C.'s,  LED’s,  readouts,  fiber 
optics,  calculators  parts  &  kits,  semiconductors,  parts. 

Poly  Paks,  Box  942PE,  Lynnfield,  Mass.  01940. _ 

GOVERNMENT  and  industrial  surplus  receivers, 
transmitters,  snooperscopes,  electronic  parts.  Picture 

Catalog  25  cents.  Meshna,  Nahant,  Mass.  01908. _ 

LOWEST  Prices  Electronic  Parts.  Confidential  Catalog 
Free.  KNAPP,  3174  8th  Ave.  S.W.,  Largo,  Fla,  33540. 
ELECTRONIC  PARTS,  semiconductors,  kits.  FREE  FLYER. 
Large  catalog  $1.00  deposit.  BIGELOW  ELECTRONICS, 

Bluffton,  Ohio  45817. _ 

RADIO— T.V.  Tubes— 36  cents  each.  Send  for  free  catalog. 

Cornell,  4213  University,  San  Diego,  Calif.  92105. _ 

AMATEUR  SCIENTISTS,  Electronics  Experimenters, 
Science  Fair  Students. .  .Construction  plans — Complete, 
including  drawings,  schematics,  parts  list  with  prices  and 
sources. .  .Robot  Man  —  Psychedelic  shows  —  Lasers  — 
Emotion  /Lie  Detector  —  Touch  Tone  Dial  —  Quadraphonic 
Adapter  —  Transistorized  Ignition  —  Burglar  Alarm  — 
Sound  Meter... over  60  items.  Send  50  cents  coin  (no 
stamps)  for  complete  catalog.  Technical  Writers  Group, 
Box  5994,  University  Station,  Raleigh,  N.C,  27607. 
METERS — Surplus,  new,  used,  panel  or  portable.  Send  for 

list.  Hanchett,  Box  5577,  Riverside,  CA  92507. _ 

MECHANICAL,  ELECTRONIC  devices  catalog  10  cents. 
Greatest  Values  —  Lowest  Prices.  Fertik’s,  5249  "D", 
Philadelphia,  Pa.  19120. 


ORGAN  KITS 
KEYBOARDS 

THE  ULTIMATE  IN  DESIGN 
AND  SOUND 


Demo  Record  &  Brochure  $1.00 

Wurlftzer  reproductions 

j.  DEVTRONIX  ORGAN  PRODUCTS,  Dept.  C 
58/2  Amapola  Dr.  •  San  Jose,  CA  95129 


JAPANESE  TRANSISTORS,  all  transistors  original  factory 
made.  Free  catalog.  West  Pacific  Electronics,  P.O.  Box 
3679,  Torrance,  CA  90510. 


ELECTRONIC  ignition:  Capacitor-Discharge,  pointless. 
Auburn  Sparkplugs.  Wheel  Stabilizers.  Information  20 
cents.  Anderson  Engineering,  Epsom.  N.H.  03234. 
BUGGED???  New  locator  finds  them  fast.  Write,  Clifton, 

11500-L  N.W.  7th  Avenue.  Miami.  Florida  33168. _ 

YOU  WILL  SAVE  BIG  MONEY!  Surplus,  Clearouts, 
Bankruptcy.  Inventory,  Deals.  Catalog  $1  (redeemable). 
ETCOA  Electronics,  Box  741,  Montreal.  H3C  2V2.  U.S. 
Inquiries.  _ 

HEAR  POLICE/FIRE  Dispatchers!  Catalog  shows 
exclusive  directories  of  “confidential"  channels,  scanners. 
Send  postage  stamp.  Communications.  Box  56-PE, 
Commack,  N.Y.  11725. 

SURPRISE!  Build  inexpensively,  the  most  Unusual  Test 
Instruments,  Futuristic  Gadgets  using  Numerical 
Readouts!  Catalogue  Free!  GBS,  Box  100A,  Green  Bank, 
West  Virginia  24944. 


SOUND  SYNTHESIZER  KITS— Surf  $12.95,  Wind  $12.95, 
Wind  Chimes  $17.95,  Electronic  Songbird  $6.95,  Musical 
Accessories,  many  more.  Catalog  free.  PAIA  Electronics, 
Box  J 14359,  Oklahoma  City,  OK  73114. _ 

UNSCRAMBLERS:  Fits  any  scanner  or  monitor,  easily  ad¬ 
justs  to  all  scrambled  frequencies.  Only  4"  square  $29,95, 
fully  guaranteed.  Dealer  inquiries  welcomed.  PDQ 
Electronics,  Box  641,  North  Little  Rock,  Arkansas  72115. 
RECONDITIONED  Test  Equipment.  $0.50  for  catalog. 
Walter’s  Test  Equipment,  2697  Nickel,  San  Pablo,  CA 
94806. _ 

POLICE,  Fire  monitors,  scanners,  crystals,  CB 
Transceivers,  New  Crystal-less  scanners.  Dis- 
count  priced.  Box  19224,  Denver,  CO  80219. 

TELETYPE  EQUIPMENT  for  sale  for  beginners  and  exper¬ 
ienced  computer  enthusiast.  Teletype  machines,  parts, 
supplies.  Catalogue  $1.00  to:  ATLANTIC  SALES,  3730 
Nautilus  Ave..  Brooklyn,  NY  11224.  Tel:  (212)  372-0349. 
CARBON  FILM  RESISTORS.  Brand  new  as  low  as  1.7 
cents.  Discounts  of  20%.  Prompt  delivery.  FREE 
samples/specifications.  COMPONENTS  CENTER,  Box 

134P,  N.Y.,  N.Y,  10036. _ 

WHOLESALE  C.B.,  Scanners,  Antennas,  Catalog  25 cents. 
Crystals:  Special  cut,  $4.95,  Monitor  $3.95.  Send  make, 
model,  frequency.  G.  Enterprises,  Box  461P,  Clearfield,  UT 
84015. _ 

NON  SEMI  SURPLUS.  Monthly  picture  flyer.  Quality.  Low 
prices.  Send  25  cents.  U.S.  only.  Startronics,  Box  683, 
McMinnville,  OR  97128. 


ADVANC€D 
1C  ELECTRONICS 

High  Quality  Components 
at  Reasonable  Prices! 


AMI  EVX  39  6800  basad  Microcomputer 

Kit . SI  49.00 

Expandabl*  to  prlvld*.  EPROM 
programming.  1024  Bytas  RAM, 

2048  Bytei  ROM,  2048  Byte* 

EPROM,  line*,  TTY,  .electable 
DMA,  5V.  Kit  conil.t*  PCB, 

6800,  6B50,  6820,  (2)  6B30, 

(4)  6810  1,  operating  manuil  and 
complete  instruction*.  Also 
Available  . . .  Tiny  Beslc  for  6800 
Comlnjj  Soon  .  .  .  16K  RAM  Add  on 
memory.  Write  for  More  Detail* 

8O80A  Chip  Set  Special . S77.9S 

1  -  AMD  8080A 

32  -  AMD  91  L  02  ARC  (500m*l  Rem* 
FUNCTION  GENERATOR  KIT..  *26.95 
PCB,  function  chip,  instruction*, 
and  eaternal  component* 

MULTITEL  KIT  . *50.00 

PCB.  initructions  plus 

G I  AY5-9100  push  button  dialer 


A Y5-9200  repertory  dialer 
AY 3-9400  Multi  Freq.  gen. 
A Y5-9500  CMOS  clock  gen 


NEW  MOS/LSI  TV  GAME  CHIP 
Gl'a  AY 3-8500-1  In  Stock 
6  TV  Game*  on  a  tingle  1C. 
UnitOty  39.95 

Qty  (S):  33.95 

City  (10):  29.95 _ 


MICROPROCESSORS 

AMD  8080A  . .  *24.90 

AMD  2901  .  30-95 

AMI  6800  .  24.90 

Gl  CPI 600  . .  .  59.90 

6800  SUPPORT  OEVICES 

S6860  Modern . *15.90 

S6820  PI  A .  10.95 

S6810-1  RAM  ........  0.20 

S6850ACIA .  9-90 


SN7400N 
SN7401N 
SN7402N 
SN7403N 
SN7404N 
SN7405N 
SN7406N 
SN7407N 
SN7408N 
SN7409N 
SN7410N 
SN7411N 
SN7412N 
SN7413N 
SN7414N 
SN7416N 
SN741 7N 
SN7420N 
SN7421 N 
SN7422N 

SN7423N 
SN7425N 
SN7426N 
SN7427N 
SN7430N 
SN7432N 
SN7437N 
SN743BN 
SN7440N 
SN7441 N 
SN7442N 
SN7443N 
SN7444N 
SN7445N 
SN7446N 
SN  7  447  hi 
SN7448N 
SN7430N 
SN74S1N 
SN7453N 


.13  SN74S4N 

.13  SN7459A 

.13  SN7460N 

.13  SN7470N 

.15  SN7472N 

.20  SN7473N 

.19  SN7474N 

.27  SN7475N 

.23  SN7476N 

.23  SN7480N 

,15  SN7482N 

.25  SN74B3N 
.32  SN7485N 

.44  SN7486N 

.69  SN7489N 

.34  SN7490N 

.34  SN7491N 

.18  SN7492N 

.29  SN7493N 

•  48  SN7494N 

.36  SN7495N 

-28  SN749SN 
-20  SN7497N 

26  SN  7  4100  N 
25  SN74107N 

■30  SN74121N 

•26  SN74122N 

-26  SN74123N 

1=  SN74125N 

So  SN74125N 
-55  SN74132N 

■'*  SN74136N 

•l*  SN74141N 

•'1  SN47145N 

SN74147N 
•74  SN74148N 

•74  SN74150N 

•J5  SN74151N 

■)5  SN741S3N 
15  SN74154N 

Take  1 0%  off 


SN74155N 

SN74155N 

SN74157N 

5N74160N 

SN74161N 

SN74163N 

SN741&4N 

SN74165N 

SN74166N 

SN74167N 

SN74170N 

SN74172N 

SN74173N 

SN74174N 

SN7417SN 

SN74176 

SN74177N 

SN74180N 

SN741 81 N 

SN74182N 

SN741 84N 

SN74185N 

SN74186N 

SN74167N 

SN74190N 

SN74191N 

SN74192N 

SN74193N 

SN74194N 

SN74195N 

SN74196 

SN74197N 

SN74198N 

SN74199N 

SN74200N 

SN74279N 

SN74251N 

SN74284N 

SN7428SN 

s.  (mix) 


S2350USRT .  7.00 

S1B83UART .  4.96 

S 6834-1  EPROM .  22.90 

S6800  Prog.  Manuel .  1 4.95 

S6800  Herd  were  Manual  .  .  14.96 

8080  SUPPORT  DEVICES 

B212  I/O  Port . *  3.70 

8224  Clock  .  4.95 

8216  Driver .  4.90 

8226  Driver .  5.90 

8228  Controller . .  8.B5 

9551  Prog.  Interfece  „  .  .  19.90 

9556  Prog.  Interfece  ....  t9.90 

GENERAL  INSTRUMENTS 

AY&-1013A  Uert . S  6.20 

AY5-1203  Clockchlp .  9.90 

AY5-2376  Keyboard  encoder.  14.95 
R03-2513  Character  Generator.  10.90 

Alio  available  organ  circuit*,  telephone. 

timer*,  radio,  TV,  TV  game*,  calculator 

and  printing  calculator  chip*. 


MEMORY  DEPARTMENT 

2102APC  (500m.)  *1.66 

21L02APC  (SOOnt.l .  1.84 

21 12  PC .  3.85 

I702A . 10.85 


OM8599  . 

P3101 . 

4402  (4K  Static] 
4200  (4K  Static 
AMD9130.  .  .  . 
AMD91 40.  .  .  . 


4.70 

3.20 

12.90 

13.90 
13.90 
13.90 


SENSE  AMPS  CLOCK  ORIVERS 

7S20N  2.45  MH0026CN  *4.45 

75234N  2.05 

OH3725CN  *2.45 


LM105H 

LM108H 

LM114H 

LM300H 

LM300N 

LM301  AH 

LM301  ACN 

LM301  AN 

LM302N 

LM302H 

LM304H 

LM305H 

LM305AH 

LM306N 

LM  307  H 

LM307CN 

LM307N 

LM308H 

LM308AH 

LM30SO 

LM308CN 

LM309H 

LM309K 

LM310H 

LM301CN 

LM311H 

LM3110 

LM3 1  1 CN 

LM312H 

LM318H 

LM318CM 

LM319N 

LM324N 

LM339N 

UM320-5T 

LM320-12K 


3.48 

3.49 
2.99 
1.19 
1.19 


1.24 

1.24 

1.19 


1.64 

1.59 

2.24 

2.49 


LM320  12T 
LM340  SK 
LM340-6K 

LM340-8K 

LM340-12K 

LM340-15K 

LM340-18K 

LM34D-24K 

LM555CN 

LM556CN 

LM567CN 

LM709CH 

LM709CN 

LM710CH 

LM710CN 

LM711CH 

LM711CN 

LM715CH 

LM723CH 

LM723CN 

LM752CH 

LM733CH 

LM733CN 

LM741CH 

LM741CD 

LM741CN 

LM747CH 

LM747CN 

LM748CN 

LM3045CN 

LM3054C  N 

SG4501T 

SG4501N 

SG3524 

RC4194 

RC4195 


2.24 

1-94 

1.94 


2.39 

2.39 

0.94 

7.94 

7.94 


1489 A,  .  .  . 
74 LSI  38 
8820N.  . 
8830N.  . 
8831.  .  . 
8832  .  . 
0T26B.  . 
960tPC  . 
9602PC  . 
9614PC  . 
9615PC  . 
9616PC  . 
9617PC  . 
9620PC  . 
9621PC . 
76107N. 
76108N . 
76109N. 
761 ION . 
76207N. 
75208N . 


1.45 
1.90 
1.90 
1.90 

1.90 

2.90 
.94 

1.20 

1.90 
1.90 
4  20 

4.20 

3.45 

3.45 

2.20 
2.20 
2.00 
2.00 
2.00 
2.00 


QUAD/DUALS/SPECIALS 

RC14B8CN  *  .84 

RC1586  CN  94 

RC3403AD  2.26 

RC4131  CN  .94 

RC4136D  1.85 

RC455B  CN 

RC4151  CN 

XR  2556CP 
XR  2  240GP 
XR  1 31  OP 
XR  2206CP 
XR  2207CP 
XR  1800 
XR  667CP 


6.45 

2.90 

2.90 

2.90 

3.90 

3.70 

2.90 

1.70 


CD4000 
CD4001 
CD4002 
CD4006 
CD4007 
CD 4009 
CD4010 
CD401 1 
CD4012 
CD4013 
CD4015 
CD401 6 
CD4017 
CD401 B 
CD4019 
CD4020 
CD4022 
CD4023 
CD4024 
CD4025 
CD4U27 
CD4028 
CD 4029 


23  CD4030 
23  CD4035 

23  CD4040 

2:49  CD4042 
.23  CD4U44 
.49  CD4046 
49  CD4047 

.23  CD  4049 
23  CD4050 
.29  CD  405  1 
1.09  CD4053 

55  CD4060 

1.09  CD4066 

1.19  CD4069 

59  CD4071 

1,44  CD4072 

1.09  CD4081 

.23  CD4511 

1.49  CD4512 

.23  CD4515 

.68  CD4516 

1.09  CD4518 

1.19  74C00N 

Buy  100  t  mi  x  ) 


1.19 


74C02N 
74C04N 

74C10N 

74C20N 

74C30N 

74C42N 

74C73N 
59  74C74 

.55  74C90N 

1.49  74C95N 

1.39  74C107N 

1.39  74C151 

84  74C154 

.43  740  57 

.43  74C160 

.43  74C161 

43  74063 

1  90  74064 

K29  74073 

4.99  74093 

1  74  74C195 

1.09 
.34 

taka  10%  oil. 


1.94 

1.34 

1.09 

2.49 

1-89 

1.24 

2.49 

2.49 

2.09 

2.94 
2.94 
2.94 
2.94 
2.59 

2.59 

2.59 


ORDERING 

INFORMATION 


Minimum  Order  SI 0.00.  Add  SI  .00  to  cover  portage 
and  handling.  California  Residents  add  6%  tales  tax. 
Mail  Order  —  Send  check  or  money  order  to:  P.O. 
Box  19577P.  Irvine,  CA  9Z713.  For  C.O.D.  and 
phone  orders;  Cell  Frank  Miller  at  (714)547-0234. 


ADVANCCD 
1C  €L€CTRONICS 


HIGH  QUALITY  COMPONENTS 
AT  REASONABLE  PRICES  ! 

P.O.  BOX  19577  IRVINE,  CALIFORNIA  92713 


U.S  GOV’T  ELECTRONIC  SURPLUS 


•  Naltomrty  bon  -  W arid  Fmn  SURPLUS  CBfTU  etfeo 
ffcwt,  wrt  expensive,  Goveraamat  Sarpta  eUctroaic  e«dti  aad 
WMoiiHti  at  ■  fractioa  of  their  origlad  atgabitfea  cost. 


4 


300-AMP.,  200-VOLT  RECTIFIER 

•  (  tTtM  132-1041  )  -  -  FOUR  STAR  SPKIALI  WEST- 

INGHOUSE,  heavy  duty  unit.  Excellent  for  use  in  12  or 
24-volt  fost  chargers,  high  current  power  supply  systems, 
etc.  3-5/8”  x  1-3/B”.  7/B”  stud.  (  1  lb.  ) 

$6.93  list  Over  $10.00 


SNAP-AROUND  VOLT-AMMETER 


•  (in*  I2M02R  )  -  -  “MINIPRORE”  clomp 
type  AC  ammeter- voltmeter.  Small  enough  to  carry 
in  shirt  pocket.  Will  measure  0  to  50-omperes,  0 
to  250-volts.  Furnished  with  test  leads.  Overall 
size  4-1 12"  x  2-3/4"  x  1".  (  1  lb.  )  Ust  S33.00 


$22.95 


$8.79 


STANDARD  DIAL  TELEPHONE 

•  (  ITEM  #715  )  ■  ■  Same  as  used  on  commer¬ 

cial  systems  in  U.S.  A.  Use  as  extension  to  private 
system.  Connect  several  together  for  local 
intercom  system.  Instructions  furnished. 

Original  Coit  $24. SO  (  9  lbs.  ) 


RUNNING  TIME  METER 

•  (  ITEM  #2111  )  -  -  Record  number  of  operating 
hours  of  electric  lights,  electrical  devices  such  as 
refrigerators,  furnaces,  etc.  Records  total  hours, 
tenths  and  hundredths  to  9,999.99  hours.  For 
115-volts,  60-cycles.  4%"  x  3”  x  2VS".  (  2  lbs.  ) 


SPECIAL  SALE 
Correspondence 
Course  In 

ELECTRICAL  Prepaid  h  U.S.A.  $11.79 
ENGINEERING  Outride  U.S.A.  $12.79 
•  (  ITEM  (9-1  tl  )  -  -  Technical  training  at  low  costl  Lincoln 
Engineering  School  suspended  Correspondence  Course  because  of 
rising  costs.  Limited  number  of  Electrical  Engineering  Courses  are 
available  without  exams  ond  grading  services.  Consists  of  fifteen 
lesson  books,  each  with  associated  exams  and  standard  answers. 
Book  showing  how  ta  build  prize-winning  Home  Experimental 
Laboratory  Bench  included  ot  no  extra  cost. 


All  ITEMS  SHIPPED  F.O.B.  LINCOLN,  NEH. 
Order  Direct  From  Ad  —  —  Send  For  FREE  Catalog 


SURPLUS  CENTER 


DIPT.  PE-027 


LINCOLN,  NEBK.  68501 


FEBRUARY  1977 


CIRCLE  NO.  6  ON  FREE  INFORMATION  CARD 


97 


FREE 


DIODES  I 
ZENERS  & 
RECTIFIERS  | 
1  MSB  to 

1N458  B/S1 

IN403W  » 

1N486  8/51 

111  MB  ta  .... 

1N7H  4/51 

1N914*  15/51 

1NSB2  to  ,, 

1N974  4/51 

1N3D54  6/SI 

IN  36  00  6/51 

1N4001*  12/SI 

1N&002  1  2/51 

1N4003  12/SI 

1N4004  12/51 

1H4005  10/51 

1N4005  10/51 

1N4007  10/51 

1M4T48  15/51 

1N4154*  25/51 

1N4370  to 
1N4372  2/51 

1N4454  15/51 

1M72BIO  .... 

1N4753  1/11 

IN5231  to  .... 

1N5236  4/S1 


VARACTORS 

1N5139  to  _ 

1N5144  ° 

05  144MHi  55 

F7  432MHz  SI 

MV830  to  .. 

MV632  S1 

MVI620  to  .. 

MV1G34  S1 

MV1066  to  „ 

MV1S72  52 

MV2201  la  M 

MV2205  51 


TRANSISTORS  [TRANSISTORS 

2N706  S0.24  2N4091  3/51 


2N706  $0.24 

2N718  .24 

2N720  .48 

2N91B  3/51 

2N1613  S0.29 

2N1711  J9 

2N109O  .38 

2N1B93  J8 

2N2219  .  .24 

2N2222  6/SI 

2N2222A*  5/SI 

2N23S9  5/SI 

2N2605  to  M 

2N2609  “ 

2N2905  S0.24 

2N2906A  .24 

2N2907*  5/51 

2N3553  51.50 

2N3563  6/51 

2N3564  4/51 

2N356510  .... 

2N35BB  B/S1 

2M363B  6/SI 

2N3E38A  5/51 

2N3641  5/51 

2N3642  5/51 

2N3643  6/51 

2N3644  4/51 

2N3646  4/51 

2N36B8  to  , 
2N3690 
2N3691  to 
2N3694  4/S1 

2N3821  50.80 

2N3B22  .70 

2H3B23  .40 

2N3BSB  .75 

2N39D3  to*  /s 
2N3905  6/51 

2N3919  55.00 

2N3922  5.00 

2N3954  3.20 

2N3958  1.15 

2N3970  1.00 


1C  or  FET's  WITH 
$5  &  $10  ORDERS.! 
DATA  SHEETS 
WITH  MANY  ITEMS. 
[TRANSISTORS  [  LINEAR  IC's 
2 NS 638  2/SI  IM340K5  SI. 


2N4121  3/SI 

2N4122  3/SI 

2N4124  5/51 

2N4248  5/SI 

2N4249  5/SI 

2N4250  4/SI 

2N4274  5/SI 

2N4302  50.29 

2N43Q3  .29 

2N433B  $1 

2N4360M  2/SI 

2N4391  51 

2N4392  $0.90 

2N44I6  2/51 

2N4416A  SO.EO 

2  N  48  56  to  C1 

ZN4B6T 

2N4867E  2/51 

2N48685  2/51 

2N4081  S2.50 

2N488B  51 

2  N  496 5  3/51 

2N5O07  4/51 

2  N  50  88  4/SI 

2N5126  to  ,/s1 

2N5135  6/51 

2N5138  5/51 

2N5139  5/51 

2N5J63  3/51 

2N5197  $5.00 

2N5199  2.50 

2N5210  3/St 

2N5308  2/51 

2N5397  SI. 50 

2N  5432  1.90 

2  N  54  5  7  3/SI 

2N  5458  50.35 

2N  54  84  3/SI 

2N540B  2/51 

2N  554  3  53.00 


2N5640  2/SI 

CF643  S4.0O 

CP6S0*  $5.00 

CP651  S4.00 

El  00  4/SI 

E101  3/SI 

El  02  3/SI 

El 75  3/SI 

MPf  102  to* 

MPF 104  3,51 

MPF  112  4/SI 

MPS6515  3/SI 

SE1001  4/SI 

SE1002  4/SI 

SE2001  4/SI 

SE2002  4/SI 

SE6001  to  .... 

SE5003  3/51 

SE5020  S3. 00 

T1S73  to  3,- 
TIS7S  3/51 

DIGITAL  IC's 

MM5738N  $2.95 

SN7400N  .16 

SN7410N  .16 

SN7420N  .16 

SN7440N  .16 

SN7451N  .15 

SN7473N  .36 

SN7475N  .48 

SN7476N  .35 

SN7490N  .44 

LINEAR  IC'i 

LM100H  87.50 

LM301AN  .27 

LM307H  .27 

LM308N  .88 

LM309K  1.25 

LM311N  .90 

LM320K5  1.35 

LM320K-12  US 

LM320K15  1.35 


LINEAR  IC'S 
LM340K-5  SI. 75 
LM340T-5  1.75 

LM34QT6  1.75 
LM340T12  1.75 

LM340T-15  1.75 

LM340T-24  1.75 

LM376N*  .55 

LM377N  2.50 
LM380N  1.29 
NE555V*  2/SI 
NE556A  $0,90 
LM709CH  .29 
LM709CN  .29 
LM723H  2/SI 
LM723N*  3/SI 
LM739N  SI  .00 
LM741CH  3/St 
LM741CN*  4/SI 
LM741CN14  .34 

LM747CN  .65 
748CJ  DIP  .35 
749CJ  DIP  1.00 
B44CP  mOIP  .60 
LM1304N  1.15 

LM1458N*  3/$1 

LM2111N  SI  .40 
XR2556CP  1.55 
2740DE  1.95 

CA3028A  1.75 

CA3046  .84 

L.M3075NI  1.45 

CA3066*  .55 

LM390QN  .55 
RC4194D  1.50 

RC4194TK*  2.50 
AC4195DN*  1.25 
RC4195TK*  2.25 
LM4250CN  2.00 
HC45580N  .55 

.N5S56V  .95 

N  5558V  ,r 
PA7805UC  1.L 
8038  OIP*  3.75 
DM75492  .89 


♦  ASCII 


*SUPER  SPECIALS: 


20/SI 

MPF102  200MHz  RF  Amp 

3/SI 

1B/S1 

40673  MOSFETRF  Amp 

SI, 75 

25/SI 

LM324  Quad  741  Op  Amp 

.94 

4/ST 

LM376  Pos  Volt  Rag  mDIP 

.55 

6/$1 

NE555  Timer  mDIP 

2/SI 

G/ST 

LM723  2-37V  Reg  DIP 

3/SI 

.69 

LM741  Comp  Op  Amp  mDIP 

4/SI 

6/SI 

LM1458  Dual  741  mDIP 

3/SI 

6/$1 

CA3086  5  Trans  Array  DIP 

.55 

$5 

RC4195DN  i15V/50mA  mDIP 

1.25 

1N914  lOOV/lOmA  Diode 
1N4001  1O0V/1A  Reel. 
1N4154  30V  1N914 
BR1  50V  ’AA  Bridge  Rec 
2N2222A  NPN  Transistor 
2N2907  PNP  Transistor 
2N3055  Power  Xistor  10A 
2N3904  NPN  Amp/Sw  0100 
2N3906  PNP  Amp/Sw  0100 
CP650  Power  FET  ’AAmp 


RF391  RF  Power  Amp  Transistor  10-25W  @  3-30MHz  TO-3  S5.00 

555X  Timer  Iju-lhr  Different  pinoot  from  555  (w/deta)  3/SI 

RC4194TK  Dual  Tracking  Regulator  ±0.2  to  30V  @  200mA  TO-66  $2.50 

RC4195TK  Dual  Tracking  Regulator  ±15V  &  100mA  (TO-66)  $2.25 

8038  Waveform  Generator  ^(1 A  Wave  With  Circuits  &  Data  $3.75 

ADVA  KITS: 

LOGIC  PROBE  KIT-Use  with  CMOS,  TTL.  OTL.  RTL,  HTL,  HiNILand 
most  MOS  IC's.  Built-in  protection  against  polarity  reversal  and  overvoltage, 
Draws  only  a  few  mA  from  circuit  under  test.  Dual  LED  readout.  Complete 
kit  includes  case  and  clip  leads.  $8.95 

VARIABLE  REGULATED  POWER  SUPPLY  KIT  -Continuously  vari¬ 
able  from  3  to  over  15  Volts.  Short-circuit  proof  with  electronic  current  lim¬ 
iting  at  300  mA.  Compact  size  and  typical  regulation  of  0,1%  make  this  a  great 
bench  or  lab  power  supply.  $11.95 

FIXEO  REGULATED  POWER  SUPPLY  KITS-Shon  circuit  proof  with 
thermal  current  limiting.  Compact  size  and  typical  regulation  of  0.6%  make 
these  ideal  for  most  electronic  projects,  Available  for  5V  @  500mA,  6V  @ 
SOOmA,  9V  @  500mA,  12V  <e>  400mA,  15V  @  300mA.  Specify  voltage  when 
ordering.  $0,95  ea. 

These  easy -to -assemble  kits  include  all  components,  complete  detailed  instruc¬ 
tions  and  plated  fiberglass  PC  boards.  Power  supply  kits  da  not  include  case  or 
meters.  Add  $1 .25  per  kit  for  postage  and  handling. 

t MAI L  NOW!  FREE  DATA  SHEETS  supplied  with  many  Items  from  this  ad.  FREE  ON 
REOUEST-741  Op  Amp  with  every  order  of  55  or  mare-749  Dual  Op  Amp  or  two  E100 
FET's  with  every  order  of  $10  or  more,  post m irked  prior  to  4/30/77.  One  free  Item  per  order, 
ORDER  TODAY-AII  itomi  subject  to  prior  sale  and  prices  lubjocl  to  change  without  notice. 
All  items  are  new  surplus  parts-100\  functionally  tested. 

WRITE  FOR  FREE  CATALOG  #76  offering  over  350  h  mi  conductors  carried  in  stock. 
Send  13d  stamp. 

TERMS:  Send  check  or  money  order  (U.S.  funds)  with  order.  We  pay  1st  Class  postage  to  U.S., 
Canada  and  Mexico  (except  on  kits),  $1,00  handling  charge  on  orders  under  $10.  Calif,  resi¬ 
dents  add  6%  sales  tax.  Foreign  orders  add  postage.  COD  orders-add  $1 .00  service  charge. 

ADVA 

*  W m  mELECTRONics 

BOX  4181  EF,  WOODSIDE,  CA  94062 
Tel.  (415)  851-0455  I 


CIRCLE  NO.  4  ON  FREE  INFORMATION  CARD 


COMPUTER  HOBBYISTS — classified  advertising 
newsletter.  $3.75/year.  Free  Sample.  ON-LINE, 
24695  Santa  Cruz  Hwy.,  Los  Gatos,  CA  95030. 

BUILD  YOUR  OWN  SPEAKERS  AND 
’5S-TTL  SAVE  UP  TO  50% 

n  You  can  aatembfe  your  own  high  quality, 

ft  multi-element  stereo  speakers  in  a  few 

ft  hours  and  save  up  to  half  the  cosl  of 

1&  comparable  speakers  Send  for  our  tree 

32-p*ge  catalogue  of  speaker  kits,  raw 
Is  speakers  and  accessories 

II  SPEAKERLAB 

Oept.  PE-B,  S500-35th  N.E. 

Seattle,  Washington  98105 


TV  CAMERA / 

c  business  * 


|  i3oi  moadwat  ATV  Research  oakota  city,  ni.  68731 


LEARN  Design  Techniques.  Electronics  Design  News¬ 
letter,  Digital,  linear  construction  projects,  design  theory 
and  procedures.  Annual  Subscription  $6.00,  sample  copy 
$1.00.  Valley  West,  Box  2119-B,  Sunnyvale,  CA  94067. 

CB  CRYSTALS  over  20,000  standard  and  specials 
in  stock  from  6.0  MHz  to  45.0  MHz.  Call  or  write 
for  information  package.  Dealer  inquiries  invited. 
Roberts  Electronics  Sales,  73563  29  Palms  High¬ 
way,  29  Palms,  California  92277.  (714)  367- 
6235. _ _ 

SURPRISES  GALORE!  Projects,  ham  radio,  music  synthe¬ 
sizers,  etc.  IC's,  pots,  hardware,  crystals,  keyboards,  re¬ 
sistors,  etc.  Send  13  cents  stamp  for  catalogue.  UTEP,  Box 
26231 B,  Salt  Lake  City.  Utah  84125. _ ’ 


TAIMkl  JUST  ONE  OF 

_ ,  lAINrx!  THE  16  G/4MES 

YOU  C^N  PIK\  WITH  OUR  NEW 
INCREDIBLE  HAND  HELD  ELEC¬ 
TRONIC  G/4ME.  SPECIAL 

INTRODUCTORY  .QAp 
,  PRICE  ONLY!  vQ.yO 
SATISFACTION  GUARANTEED 
'  INTERFAB,  27963  CABOT  RD. 


FREE  FLYER  from  Colorado's  fastest  growing  electronic 
parts  distributor.  Our  second  big  year  with  outstanding 
buys  on  kits,  parts,  semi's,  scientific  items.  Visit  our  retail 
outlet,  J.B.  Saunders  Company,  3050  Valmont,  Boulder, 

CO  80301. _ 

BUILD  AND  SAVE.  TELEPHONES,  TELEVISION,  DETEC¬ 
TIVE,  BROADCAST  Electronics,  We  sell  construction 
plans  with  an  Engineering  Service.  Speakerphones,  An¬ 
swering  Machines,  earphones,  Phonevision,  Dialers,  Color 
TV  Converters,  VTR,  Games,  $25  TV  Camera,  Electron 
Microscope,  Special  Effects  Generator,  Time  Base  Correc¬ 
tor.  Chroma  Key.  Engineering  Courses  in  Telephone,  Inte¬ 
grated  Circuits,  Detective  Electronics.  PLUS  MUCH 
MORE.  NEW  Super  Hobby  Catalog  PLUS  year’s  subscrip¬ 
tion  to  Electronic  News  Letter,  $1.00.  Don  Britton  Enter- 
prises,  6200  Wilshire  Blvd.,  Los  Angeles,  Calif.  90048. 

TELEPHONES  Unlimited,  Equipment,  Supplies, 
All  types,  Regular,  Decorator,  Keyed,  New 
Modular,  Box  1147F,  San  Diego,  Calif.  92112. 

FREE  CATALOG,  Calculators,  Digital  Thermometers, 
Ultrasonics,  Kits,  Strobes,  Ni-cads,  LEDS,  Transistors, 
IC's,  Unique  Components.  Chaney's,  Box  27038,  Denver, 

CO  80227, _ 

TOROID  CORES,  Iron  powder  and  ferrite.  Free  catalog. 
Paiomar  Engineers,  P.O.  Box  455,  Escondido,  CA  92025, 
FIREPLACE  BUILDING  made  easy  by  following  step-by- 
step  instructions.  Send  $1,00  to:  Eubanks  Fireplaces, 
Route  Five,  Box  227,  Thomaston,  Georgia  30286. 


TELEPHONES  AND  PARTS.  Free  catalog,  Write:  Surplus 
Saving  Center,  P.O,  Box  117,  Waymart,  PA  18472. 


AUDIO  EXPERIMENTERS,  Serious  Music  Syn¬ 
thesizer  Stuff:  literature,  kits,  components,  cir¬ 
cuits  and  more.  Send  SASE  for  FREE  INFO.  CFR 
Associates,  POB  F,  Newton,  NH  03858. 

CB  RADIOS,  monitors,  crystals,  CD  ignitions.  Southland, 

Sox  3591-B,  Baytown,  Texas  77520. _ 

FERRIC  CHLORIDE  ETCHANT.  1/2  gallon  $5.50.  Gallon 
$9.50.  Postpaid.  CIRCOLEX,  Box  198,  Marcy,  N.Y.  13403. 


ALL  an  ^  33  ,s  and  mm 
^  OLIVETTI  318  TELETYPEWRITER 

H  BUILT-IN  PAPER  TAPE  1/0  i 

Sv  KEYBOARD  PLUS  10  KEY  PAD  1 

HEAVY  DUTY  BUT  QUIET 
NATIONAL  SERVICE 

wii  +  £HIPPta|€ 

A  REAL  COMPUTER  VIDEO  -  IDEAL  FOR 
ALPHANUMERIC  WORK 
1  VOLT  P  TO  P  INPUT 
ANTIGLARE  SCREEN  iv‘ 

GREEN  PHOSPHOR  *  j 

12"  DIAGONAL  SCREEN 

$150  +$10  SHIPPINfi^^B^^ 


KITS :  ADM-3 

I  MS A I  8080 

WHi'l  rfln  hlp  ar. 

COMPUTER 

I  WAREHOUSE 

store 


SwTPC  TERMINAL  KIM  1 

SwTPC  6800  OS  I 

'^CNE^IW  SHIPMENT 

P0  BOX  68,  KENM0RE  STATlONl 
BOSTON,  HASS  022 1 5 1 

_ -  ’■  j  -]  h  l  ■  731  I 


TRANSISTORS,  LED’S,  IC’s,  Solar  Cells,  Resistors,  Capa¬ 
citors,  Loads  qf  goodies,  Catalog  25  cents  refundable. 
DIAMONDBACK  ELECTRONICS,  Box  194P,  Spring  Valley, 
IL  61362. _ 

ROBOT,  plans  for  5-1/2  ft.  tail,  radio  controlled  robot, 
$9.95.  Free  information.  American  Products,  Box  11631, 
Kansas  City,  MO  64138. 


COMPUTER  KEYBOARDS  gTOM r  TO 
(ALL  TESTED)  C  J 

Manufactured  for  use  on  T.  I.  silent  700  series  terminals.  This  keyboard  provides 
encoded,  debounted  ASCII  output  (7  Bit  Parallel)  and  strobe,  lumper  selectable 
N  key  rollover  or  lockout.  A  ho  has  si*  non  encoded  closures  u»  ground.  Needs 
+5V  @  ISO  MA  and  -12V  @  4S  MA.  Output »  standard  TO  pin  double  readout 
connector  for  daU  and  power  inputs.  56  key  ASCII  encoded  alphanumeric  key¬ 
board.  Great  for  your  micro  or  mini.  30  day  electrical  guarantee. 

KBS  CLARE/PENDER  720627-1 

T.  I,  PART  NUMBER  959327  1 

Ngw  -teste  p -»3?.  95  ■ 


DISC  CAPACITOR  ASST. 

100  FOR  $2.95 


STANDARDS  KIT 

ANOTHER  FIRST  FROM  ACE 
An  assortment  of  precision 
l  Components  for  calibration  of 
f  lest  equipment. 

Kit  includes  flO)  assorted  1% 
k  capacitors.  (]0)  asst.  0.01%  >e- 
f  sistors,  ana  (t)  1NI530A  B.dV 
zener  reference  diode. 

ONLY  $6.95 


PITMAN 
1  2  VDC 
MOTOR 
•1.9 S  EA. 

10  FOR  15.00 
PITTMAN  12  VDC  MOTOR  runs 
on  as  low  as  2  volts  rated  12  volts 
250"  ma,  2.8  inch  of  torque  at  5000 
RPM.  Size  1  1/8”  DIA  X  2"  long 
with  0.118  inch  shaft.  New.  Guar¬ 
anteed. 


KEYBOARD  ASSORTMENT 


This  coupler  was  manufactured  by  Nova¬ 
tion,  Inc.  Tarzana,  California  for  use  in 
Texas  Instrument’s  model  725  Electronic 
Data  Terminal.  It  is  compatible  with  Bell 
103  and  113  data  sets  or  equivalent.  The 
coupler  operates  asynchronously  to  a 
maximum  speed  of  350  baud  in  the  full- 
or-half-duplcx  mode  coupled  to  a  stan¬ 
dard  telephone  handset.  Transmit  freq.  is 
1270hz  for  mark  and  1070hz  for  space. 
Receive  frequency  is  2225hz  for  mark 
and  2025hz  for  space.  Unit  required  ±12 
VOLTS  and  +5  VOLTS  for  operation. 
Complete  with  schematic  &  all  pertinent 
information,  tulty  reconditioned,  calibra¬ 
ted,  and  guaranteed.  4  4)7.50 


COMPUTER  GRADE  CAPS 


SLIDE  SWITCH  ASST, 
fts.  STANDARD  AND 
MINIATURE 
•  40  FOR  *5.00 


TMS4030JL 

409  6' BIT  low  powi|40oMw 

with  data  and  22  Pin  SOCKET  removed 
from  sockets 

TESTED  and  GUARANTEED 

*9.95  EA.  8  F  OR  *64.95  I 


HEAT  SHR  INK  TUBE 

IS  L  I  N  O  t  H  S 

Various  sizes  &  colors. 

asst,  ea.t* 


ELECTRONIC 

PARTS 

5400  MrtcheUdate,  B-8 
Houston,  Texas  77092 


TERMS:  W#  pay  postage  unless  other¬ 
wise  specified.  Include  check  or  money 
order.  No  COD.  Texas  residents  idd  5% 
sales  tax.  Canada  and  Mexico  add  $2.50. 
Overseas  countries  add  $5.00. 


• r UJJHJ 


CIRCLE  NO.  2  ON  FREE  INFORMATION  CARD 

NEW  ADJUSTABLE  THREE  OUTPUT  REGULATED  POW- 
ER  SUPPLY,  plus  900  parts  worth  $400.00  list,  contained  in 
a  solid  state  CARTRIViSiON  television  recorder  electronic 
unit.  Schematics,  parts  cross  reference  furnished.  Uses: 
HEATHKIT  television  transistor  substitutions,  power  CB 
radios  and  MICROPROCESSORS,  build  electronic 
projects.  $17.95  plus  $3.50  S&H,  USA.  Free  brochure. 
Master  Charge,  BankAmericard.  Satisfaction  Guaranteed. 
MADISON  ELECTRONICS  COMPANY,  INCORPORATED, 
Box  369,  D55,  Madison,  Alabama  35758. 

REGULATED  Power  Supplies,  New.  For  Digital,  Linear  cir¬ 
cuits.  Fixed  and  adjustable,  single  thru  Quad  plus  and 
minus  outputs.  Example:  Fixed-Single  1A  $14.95,  Dual  2A 
$21.95,  Triple  2A  $27.95,  Quad  2A  $32.95.  Send  $2.00  for 
Brochure  refunded  on  first  order.  MechEiect,  Inc.,  Box  911, 

Plymouth,  Mass.  02360. _ 

B&K  TEST  EQUIPMENT.  15%  discount.  Free  shipping. 
Free  catalog.  Spacetron,  Box  84-V,  Broadview,  IL  60153. 

NO  VENEER,  NO  JUNK.  Just  top  quality  electronic  parts. 
U.S.,  Canada,  Mexico.  Free  Catalog.  BRAND  X,  Rt.  3,  Box 
223Pt  Ontario,  OR  97914. 

ELECTRONICS  parts,  tow  prices,  free  flyer:  DARTEK 
ELECTRONICS,  Box  2460,  Dartmouth,  Nova  Scotia, 
Canada.  U.S.  inquiries  invited. 
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POPULAR  ELECTRONICS 


FREE  INFORMATION: 


Learning  more  about  a 
product  that’s  advertised 
or  mentioned  in  an  article 
in  this  month’s  issue  is  as 
simple  as  one,  two,  three. 
And  absolutely  free. 


Print  or  type  your 
name  and  address 
on  the  attached, 
card. 

Use  only  one  card 
per  person. 


Circle  the  Hum¬ 
berts]  on  the  card 
that  correspond 
to  the  numberCsD 
at  the  bottom  of 
the  advertise¬ 
ment  or  article 
for  which  you 
want  more  infor¬ 
mation. 

[Key  numbers  for 
advertised  prod¬ 
ucts  also  appear 
in  the  Adver¬ 
tisers’  Index.] 


Simply  mail  the 
card. 


This  address  is  for  our  product  Free  Informa¬ 
tion  Service  only.  Editorial  inquiries  should  be 
directed  to  POPULAR  ELECTRONICS,  One 
Park  Avenue,  New  York,  N.Y.  10016. 


Use  only  one  card  per  person 

POPULAR  ELECTRONICS  PE2773 

Use  only  one  card  per  person, 

i  NAME _ 

J  ADDRESS _ 

CITY _ _ STATE _ ZIP _ 

l  (Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  Apr,  30,  1977) 

Do  you  own  any  of  the  following? 

CD  Digital  VOM  □  Multimeter  □  Function  Generator 
i  CD  Oscilloscope  CD  Frequency  Counter  CDTransistor  Tester 

l  CD  Microcomputer  CD  None  of  the  above 

CD  Please  send  me  1 2  issues  of  Popular  Electronics  for  $6,99  and  bill  me. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

|  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

106  107  108  109  110  111  112  113  114  115  116  117  118  119  120 

j "  "  "p  Q  PULAr'eLECTRON  \  C s" . "PE2772 

I  Use  only  one  card  per  person 

!  NAME _ 

;  ADDRESS _ 1 _ 

CITY _ STATE  ZIP _ 

(Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  Apr.  30,  1977) 

Do  you  own  any  of  the  following? 

*  CDDigitalVOM  CDMultimeter  CDFunction  Generator 

|  □Oscilloscope  □  Frequency  Counter  □Transistor  Tester 

□  Microcomputer  □None  of  the  above 

□  Please  send  me  1 2  issues  of  Popular  Electronics  for  $6.99  and  bill  me. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

•  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120 

[  POPULAr'eLECTRO'nIcS  ”  PE2771 

I  Use  only  one  card  per  person. 

NAME - 

!  ADDRESS _ _ 

CITY _ STATE _ ZIP - 

(Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  Apr.  30,  1977) 
Do  you  own  any  of  the  following? 

□  Digital  VOM  □Multimeter  □Function  Generator 

□  Oscilloscope  □  Frequency  Counter  □Transistor  Tester 

□  Microcomputer  □None  of  the  above 

I  □  Please  send  me  1 2  issues  of  Popular  Electronics  for  $6.99  and  bill  me. 

!  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

!  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

!  106 107  108  109  110  111  112  113  114  115  116  117  118  119  120 


INFORMATION: 


First  Class 
Permit  No.  217 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 


POSTAGE  WILL  BE  PAID  BY 

Popular  Electronics 

P.O.  Box  2905 
Clinton,  Iowa  52732 


First  Class 
Permit  No.  21 7 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 
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POSTAGE  WILL  BE  PAID  BY 

Popular  Electronics 

P.O.  Box  2905 
Clinton,  Iowa  52732 
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First  Class 
Permit  No.  217 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 


POSTAGE  WILL  BE  PAID  BY 

Popular  Electronics 

P.O.  Box  2905 
Clinton,  Iowa  52732 
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HANDBOOK 
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am 
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lUNtCA 


PCLEAR  in 
TIONS 


DON'T  TURN  A  DIAL. 

In  fact  don't  even  buy  a  diaj 
else  until  you've  checked  oi^ 
1977  COMMUNICATIONS 
Whatever  your  radio  special 
you're  an  old  hand  or  just  i 
this  vital  "how-to"  guide  wfli 
greater  value,  greater  enjoy  i 
every  minute  you  spend  wi 


iment. 


COMMUNICfl 
is  schec  ijl 
nationm- 


\ANDBOOK 
on  sale 
1977 


YOU  CAN  RESERVE  YOUR  COPY 
NOW  AT  THE  SPECIAL 
PRE-PUBLICATION  PRICE  OF 
ONLY  *1.25  POSTPAID. 

(Regular  newsstand  price  is  $1.75;  mail  order  price  $2.25). 


J  Cnras  Band 

HANDBOOK  1976 


CITIZENS  BAND 
HANDBOOK 

by  the  editors  of  POPULAR  ELECTRONICS 


all  the  authoritative 
on  CB  two-way  radiof'lo  m 
transceivers,  antenna^ 'hnd 
at  what  the  experts  hav)^ 

•  Over  500  CB  modelis  fullWdt 
latest  prices  and  plJotos^A 

•  Lab  test  evaluatione  orj/mobi 
both  AM  and  SSB.  Jsp^ll  ou\ 

•  Latest  FCC  Rules  jJn/J  Regul; 
language,  so  you  tufly  know  \ 

•  Manufacturers'  spficTfTcalion' 

sheet1’ with  ease. ,  V  J 

•  All  about  CB  anterjn^s  —  th/ti  [j 

•  CB  language  translation  c/iart  | 

•  How  emergency  CJB  a 

•  How  phase-iock-lpop  dAital  s 

•  The  latest  Flash  F  epo^t  ol 
first  all-CB-manu  acyirers1 

This  packed-with-hfarmati 
Citizens  Band  pub  Ration  yo' 


lying  decision  for 
re’s  a  partial  look 
volJme: 


tat  t We  rig  5 
|t  br^.  disci  ssed\n 
rat  you  ca  n  and 
lecocfecl 

r  ^ie  kl  to  ‘|a!j/pov 


technical  specs,  features, 
tot  ionitranscei  vers. 


r//y  do. 
lown-to-earth 
|nnot  do  legally, 
you  read  a  “spec 


your  lifle! 

^vork. 

fots  presented  at  the 


Only  $1.75! 


Mail  your  order  along  with  your  name,  address  and  remittance  to 
Consumer  Service  Division,  595  Broadway,  New  York,  N.Y,  10012. 
Specify  title  being  ordered. 

COMMUNICATIONS  HANDBOOK  —  Pre-publication  price  $1.25, 
postpaid  ($2  outside  U.S.A.).  Shipped  in  March  when  published. 
CITIZENS  BAND  HANDBOOK  -  $2.25  ($1.75  plus  50d  for  post¬ 
age  and  handling,  $3  outside  U.S.A.).  Shipped  immediately. 
Residents  of  CA,  CO,  FL,  I  L,  Ml,  MO,  NY,  DC  and  TX  add  appli¬ 
cable  sales  tax.  Postage  and  handling  charges  non-taxable. 


f  TYPE  SALE 
£  □  SN74O0N  *0.16 
£  n  SN7401N  .16 

- n  SN7402N  .16 

Q  SN7403N  .16 

Q  SN7404H  .16 

I Q SN7405N  .18 

,  □  SN7406N  .20 

Q  SH7407N  .25 

I  Q  SN7408N  -25 

1  □  SN7409N  .18 

□  SN7410N  -16 

l>  □  SN7411N  .25 

□  5H7413N  .45 

□  5N7417N  .32 

'  Q  SN7420N  .16 

□  SN7421N  .29 

C  SN7423N  .35 

C SN7425N  -27 

' □  SN7430N  .16 

‘  □  SN7437N  .26 

'  □  SN7438K  .26 

□  SN7440N  .16 

'  l  □  5N7 44 IN  .84 


©Poly  Paks  lnc®V 

FEBRUARY  1977 


□  SN7442N  .53 

Q  SN7445N  .69 

H  SN7446N  .79 

Q  SN7447N  .69 

Q  SN7448N  .76 

Q SN7450N  .16 

□  SN74S1H  .16 

Q  SN7454H  .16 

n  SN7464H  .16 

□  SN7470N  .45 

Q  SN7472N  .34 

QSN7473N  .36 
Q  SN7474N  .31 

□  SN747SN  .49 

H  SN7476N  .31 

□  SN7478N  .79 

D  SN7483H  .69 

H SN7485N  .86 

H  5H7489N  1.95 

□  SN7490H  .44 

n  SN7491N  .73 

□  SN7492H  .47 

I  □  SN7493N  .47 

Cat.  No 


Wakefield,  Mass., 


L)  SN7494N 

□  SN7493N 

□  SH7496N 
n  SN74100N 

□  SN74106N 
Q  SN74107N 
Q  SN74112N 

□  SN74113N 
n  SN74114N 
n  SN74121N 

□  SN74123N 
Q  SN74125N 
n  SN74126N 

□  SN74132N 

□  SN74141N 
Q  SN74145H 

□  SN7414BN 

□  SN741S0N 
Q  SN741S1N 

□  SN741S3N 

□  SN741S4N 

□  SN7415SN 

□  SN74157N 

□  SN74158N 


7E1981~^ 


U.S.A.  1977 


BUY  100 
TAKE  25%  | 

78  .  U  SN74160N  .SB 
7  B  □SN74161N  88 

72  □  SN74164N  .79 

.98  □SN74165N  99 

65  □  SN74173N  139 

.33  QSN74174N  .97 

.65  □SN74175N  89 

.65  SN74 176N  -79 

65  nSN74t77N  .79 
.38  SN74181N  2.05 

.59  SN74184H  1.75 

59  □  SN74185N  1.75 

.59  □  SN74190N  1.15 

1.00  Q  SN74191N  1-05 
.88  □  SN74192N  .87 

.69  □  SN74193N  .83 

1.29  DSN74195N  -73 

.99  □  SN74196N  .88 

.70  □  SN74198N  1.49 

.65  □  5N74199N  1.49 

1.03  □  SN74200N  3.95 

.70  □  SN742S1N  1.09 

70  □  SN74284N  5-95 

.85  □  SN742B5K  S.9S 


Terms:  Add  oostaRe  Raced :  net  30  nTTLK  ]}  T 

Phone::  Wakefield,  Mass.  (617)  245-3829  J  ‘  Jf  '  rXrr- 
Retail:  16-18  Del  Carmine  SL.  Wakefield.  |  U  OefJO  TOr  FREE 

MINIMUM  ORDER  —  56.00  I  SPRING  CATALOG 

POLY  PAKS 

P.O.BOX942E  LYNNFIELP,  MASS.  01940  j 


CIRCLE  NO.  49  ON  FREE  INFORMATION 


MOVING  MUST  DUMP  Junk  cheap.  Write  tor  list,  Pat,  Box 
532,  Logansport,  Ind.  46947. 

MICROCOMPUTER  coding  forms;  100  for  $6.  Write  for 
more  details.  BMS,  Box  5121,  Jackson,  MS  39216. _ 

Digital  Olccfci Top  Vehicles 

As  described 

rV  Popular  Electronics 

October  1976. 

-  =  „  '  |  •  '  : . LESS  CASE 

Kit  includes  all  resistors,  capacitors,  transistors,  diodes, 

IC’s,  crystal,  etched  and  drilled  PCB,  assembled  display 
board,  -switches,  and  step-by-step  assembly  instructions. 

OPTIONAL  CASE  WITH  LENS:  $4.50. 

COMPACT  SIZE:  2.5" v/  x  1.2"h  x  2.8"d 
Outside  U.S.A.:  Add  S3.G0  P&H  ordinary  mail,  S5.00  Air. 


ALPHA  1IELTHUML5  TEXAS-  hQ  HQ*  * 47JS-K 
DALLAS.  TEXAS  PH  12141  JI-1H  T309 


JH 

SgSbb 


PROM  PROGRAMMING 


1702A  Including  naw  17QHA  part, 

$45  TTV  listing.  All  programs 

From  your  verified  E.  guaranteed  to  be 

or  octal  listing  BS  listed. 

PROGRAMS  ASSEMBLED  from  your  assembly 
language  listing.  Send  for  free  assembly  manual  and 
brochure  describing  our  programming  services. 

EPI  DESIGN  10101  BUBB  RD.  CUPERTINO  CA.  95014 


SCIMP.  $90  Microcomputer  Kit.  Uses  surplus  components. 
Includes  programming  guide,  NBL-E,  Box  1115,  Richard¬ 
son,  Texas  75080. 

SIRENS,  Flashers,  Games,  Logic  breadboard  kits.  Catalog 
free.  Ego,  Box  1331-pd,  Thousand  Oaks,  California  91360. 
SURPLUS  TEST  EQUIPMENT;  USM105A  15Mhz  DT  oscit- 
loscope  $315,  UPM110  spectrum  analyzer  $315,  TEK180A 
$85,  OS8  2Mhz  oscilloscope  $70,  Fluke  803R  $125, 
HP302AR  wave  analyzer  $650.  All  postpaid  guaranteed 
working,  Free  information.  ACS,  Box  8104,  Athens,  GA 

30601.  (404)  353*1634, _ 

SURPLUS  COMPONENTS,  Communication  and  test  equip¬ 
ment.  Illustrated  catalog  25  cents.  E.  French,  P.O.  Box  249, 
Aurora,  Illinois  60505. 


★  MICROPROCESSOR  PRODUCTS 


TV  GAME  KITS 


i  [•]  »1U  Wl\  ft]  ;l  [•!  >T1 


3.  16K  BYTE  RAM  BOARD  $77.95 


4.  6  SLOT  MOTHER  BOARD  $29.95 

Connectors  mount  on  75“  can tB*t  Mjy  fc*  Dlugpd  (opther  for 

5.  EXTENDER  BOARD  $46.50 


*  NEW  PRODUCTS 


*  I C  MARKET  PLACE  * 


*  LINEAR 


NEW  FROM  NEC  Microcomputer!  FIRST  TIME  OFFERED 

D372  Floppy  Disc  Controller  Chip  .  .  , 

3125.00 

D371  Mag.  Tape  Cassette  Controller  Chip 

.  99.95 

Application  Notes  (26  pages) 

6.95 

Gl  AY3550 4%  Digit  DVM  Chip.  .... 

.  29,95 

Gl  AY360Q  Keyboard  Encoder . 

9,95 

Intersil  8038CC . . 

.  4.95 

XR2263  Servo  Cont . 

.  6.95 

RO  32513  Char  Gen . . 

9.95 

ALTAIR  /IMSAI  COMPATIBLE 
8K  MEMORY 


All  iddrtit  control  and  data  out  linn  fully 
buttered. 

THE  SAME  6K  BDAHD  OFFERED  TO  THE 
SCCS  GROUP  PURCHASE  NOW  OFFERED 
TO  YOU  AT  THE  SAME  LOW  LOW  PfltCEf 

S198.00  COMPLETE 

It  you  dttirc  91L02APC  ■  Pirate  add  S9.95 


EIGHT  LEVEL  PRIORITY  INTERRUPT 
CPU,  ALTAIR/IMSAI  0080  COMPATIBLE 
FEATURES  SPECIFICATIONS 

I,  Dattjnad  tot  opaiatinj  with.  CPU:  Intel  B08QA 

oul  liont  panel,  AM9GB0ACK 

7.  FWr  on  memory  fumpi  (to  CYCLE:  J  Sac/ 1  nit  r 

uien  piogiaml*  ADDRESS:  Up  10  64KB 


uien  progiaml* 

3.  9774  Clock  driver 

4.  8214  Interrupt  coni  roller 

5.  Memory  write 

6.  Pull  up  on  ell  incut! 

7.  Stelus/Deti  Imet  buffared 


AM9CB0ADC 

CYCLE:  I  Sec/lnitructron 

ADDRESS:  Upio6«KBytn 
I/O:  766  Directly  Addrai 

INTERRUPT;  B  Level  Priority 


7476*  35  7491 N 

7427N  35  7497N 

747*N  .28  749OT 

74JON  .21  74P4N 

7412N  .31  749SN 

7433N  30  7496N 

74J7N  -35  7497N  I 

7438N  35  741O0N  1 

7 44 ON  .21  74104N 

744  IN  11.05  74106H 

744214  .W  74107N 

744JN  60  74 109N 

7444N  *1.50  74121 N 


PLESSEY  SEMICONDUCTORS 


100  PIECES  MIX  TAKE  10%  DISCOUNT 
1000  PIECES  MIX  TAKE  15%  DISCOUNT 


FCNGENKIT  $18.50 

63  Key  Keyboard  19.95 

19  Key  Keyboard  11.95 

Also  ...  we  stock  entire  continental 
specialties  line  new  sockets  and  bus  strips 
for  microprocessor  design 

Experimenter  600  (.6  spacing)  $10.95 
Experimenter  300  (.3  spacing)  9.95 


AH  shipments  first  class  or  UPS  in  U.S.  or  add  5*i> 
for  shipping  and  handling.  Minimum  order  S1Q.00 
California  Residents  add  6%  tax.  Foreign  odd  8%. 


r 


m 


I  Of  TTPT?  P.O.  BOX  17329 
rlwJlLXA  IRVINE,  CALIFORNIA  92713  0*Dt*y0° 


PHONE  (714  )  968-3655 


CIRCLE  NO.  7  ON  REE  INFORMATION  CARO 


\w 


2/P 


1  Hi  V  B  •  SHIELDED  PREAMP 
11»B  .  11  •  US  VAC  MOTOR 

—  CCW  1  •  READY  TO  QO 
p*-  Jk  •  WITH  ALL  CORDS 

S**1"  MODULAR  CABINET  MOTOROLA 

IT’S  READY  TO  GOI  Features:  116  VAC  opera¬ 
tion.  An  exceptional  feature:  116  VAC  motor,  to  “WOW 
FREE”  heavy  duty  wheel;  built  Id  power  aupply;  built- 
in  preamp,  panel,  black-and-ailver-trimChed  x  6Va  x 
4Va  X  5/a"  heavy  duty  pla»tic.  Depth’  8%".  Wt.  3  lbs 
Cat.  No.  2 E  3444 


TOUCH  TONE 
ENCODER 
KIT* 


18* 

noNit- 

OFFICE 


1.26M,  2-meter  and  0-meter  amateur  radio  operators, 
if  your  rig  is  mobile,  convert  it  easily  to  a  mobile 
telephone  stntion  and  contact  your  home,  shop,  school, 
factory  TTE-JOO  touch  tone  encoder  kit.  Kit  includes: 
Chomerics  touch  tone  pad.  Motorola  MCI 4 4 10  chip, 
trimpot,  resistors,  zener,  diagram,  and  G-10  pc  hoard. 
Electrical  specs:  12-10  voltn,  6  mils  (mas),  4  volts  1 
PP  output.  *  Less  1-MC  crystal,  Cat.  No.  2E33B5 

Cat.  No.  Description  Sale 

2E3149  Touch  Tone  Pad  $4.50  BUY  ’EM 

2E  3382  MC14410  Chip  10.50  SEPARATELY 

2E  3383  P.C.  Board  2.9S 


DBGBmL  CLOCK 

hX™'™!  MODULE 

filter,  with  a  MM  6  .’IS  5  mu  I-  WITH 

ti  -  function  nl  arm  chip, 

mounted  on  a  3  x  l3.*  X  BUILT-IN 

W’  module.  Has  all  necos-  urumfi 
sary  discrete  components  CHIF* 
mounted  on  module  by  fac¬ 
tory,  to  require  only  (i 
function  switches,  bright¬ 
ness  und  voltage  divider 
control,  12-16  volt  fila¬ 
ment  transformer,  AC  line 
cord  and  case.  Makes  oasi- 
biiilt-in  alarm  and  radio 
Alarm  ON/OFF.  Instruction 
and  hookup  diagrams. 

Shpg.  wt,  7  ois. 


Oil  Rotron  ‘  Fans  I 


If  AOO  •  115  VACI 

AUnll  *  CompactI 

▼  •  Lightweight! 

ft  Yk  •  Only  4-11/16"  sq. 

1  □  x  I‘/a"  dHpl 

Fans  by  Itotron.  Used  extensively  for  hi-fi  eqpt  because 
ol  low-cost,  dependable  cooling,  as  well  uu  flushing 
rout  [inters,  power  supplies,  office  equipment,  light 
projectors,  transmitters,  receivers  &  morel  Weighs  only 
1-lb.  LOW  NOISE  LEVEL!  Humidity  Si  moisture  resis¬ 
tant  motor,  REVERSIBLE  AIR  FLOW!  Impedance  pro¬ 
tected.  Suitable  for  —4  0°  to  +160°  F.  Both  116  VAC, 
3200  rpm,  16  watts,  .16  amps,  fli-impact,  flame  retard¬ 
ant  polycarbonate  propellers  in  a  reinforced  phenolic 
venturi  block.  Removed  from  new  equipment.  Money 
back  guarantee.  I  J/2  ]bs.  2E  3108  "Muffin"  3-blade 


MICROPROCESSORS 


□  8008  $14.95  □  8080  $24.95 


□  2102-1  $1.95  8  FOR  $11.95 

□  1  7 02- A  $9.95  3  FOR  $25.00 

□  MM5262  $1.95  3  FOR  $3.00 


Terms:  Add  poataKe  Rated:  net  30  min  nDn»  ate 
Phone  :  Wakefield,  Mass.  (617)  245-3829  7,'y  n  ,  v 
Retail:  16-18  Del  Carmine  St„  Wakefield,  Kp,us  Postage) 

POLY  PAKS 

l.  ^  *  ~Tn 


P.O.  BOX  942  E  LYNNFIELD,  MASS.  01940 


>oly  Patti  Inc.',  WikefieW.  Mail..  U.S.A,  t  9  7  7 

CIRCLE  NO.  50  ON  FREE  IN, 


7400  TTL  | 

7400 

.21 

7442 

1.08 

74121 

.55 

7401 

.21 

7448 

1.15 

74122 

.49 

7402 

.21 

7450 

.26 

74123 

1.05 

7404 

.21 

7451 

.27 

74125 

.60 

7405 

.24 

7453 

.27 

74126 

.81 

7406 

.45 

7454 

.41 

74132 

3.00 

7407 

.45 

7460 

.22 

74141 

1.15 

7408 

.25 

7472 

.39 

74150 

1.10 

7409 

.25 

7473 

.45 

74151 

1.25 

7410 

.20 

7474 

.45 

74153 

1.35 

7411 

.30 

7475 

.80 

74154 

1.25 

7413 

.85 

7482 

1.75 

74155 

1.21 

7416 

.43 

7483 

1.15 

74157 

1.30 

7417 

.43 

7485 

1.12 

74161 

1.45 

7420 

.21 

7486 

.45 

74164 

1.65 

7422  1.50 

7409 

2.49 

74165 

1.65 

7425 

.43 

7490 

.69 

74166 

1.70 

7427 

.37 

7491 

1.20 

74174 

1.95 

7428 

.33 

7492 

.82 

74175 

1.95 

7430 

.26 

7493 

.82 

74180 

1.05 

7432 

.31 

7494 

.91 

74101 

3.55 

7437 

.47 

7495 

.91 

74191 

1.50 

7438 

.40 

7496 

.91 

74195 

1.00 

7440 

.21 

74100 

1.25 

74197 

1.00 

f  441  1.1U 

74107 

.49 

74298 

1.30 

1  741  ccpicc  TTI 

L,  uCnl'CT  1  IL 

74L00 

.33 

74LS04 

.45 

74LS113 

.98 

74L10 

.33 

74LS10 

.39 

74LS13f 

1.89 

74L30 

.33 

74LS20 

.39 

74LS17* 

2.50 

74L42 

1.50 

74LS51 

.39 

74LS306 

5.50 

74L06 

.69 

74LS74 

.65 

74S153 

2.25 

74LS00  .39 

74LS112  .65 

74S387 

1.95 

l  74H00  TTL  f| 

74H00 

.33 

74H11 

.33 

74H53 

.39 

74H01 

.33 

74H20 

.33 

74H55 

.39 

74H04 

.33 

74H21 

.33 

74H73 

.59 

74H05 

.35 

74H30 

.33 

74H74 

.59 

74H10 

,33 

74H40 

.33 

74H76 

.60 

5400  SERIES 


5400  1.00  5475  1.50 

5404  1.25  5486  1.90 

5410  1.00  5493  2.00 

5426  1.25  54100  1.80 

5473  1.50  54LS04  1.00 


MOTOROLA  CIRCUITS 


JAPANESE  CIRCUITS 


4001 AE 
4002AE  29 

4007AE  .29 

4009AE  .58 

4010AE  .58 

401 1AE  .29 
4012AE  .29 

4013AE  .52 

4015AE  1.25 
4016AE  .65 

4018AE  1.10 
4019AE  .65 

4020AE  1.75 
4021  AE  1.50 


4022AE  1.20 
4023AE  .29 

4024 AE  1.50 
4025AE  .35 

4026AE  1.49 
4028AE  1.60 
4029AE  2.90 
4030AE  .65 

4037AE  4.50 
4040AE  2.40 
4044 AE  1.50 
4047AE  2.75 
4049AE  .75 

4050AE  .75 


MC725P 

MC740L 

MC790P 

MC032P 

MC1004L 

MC1008L 

MC1010L 

MC1011L 

MC1036L  ‘ 

MCI  037  L  • 

MC1352P 

MC1406CP 

MC1468L 

MC1469R 

MC1510G 

MC1514L 

MC1550G 

MCI  558 

MC1595L 

MC1596G 

MC1723CG 


MISC  CIRCUITS 


MC1741 CG  .98 
MC10O4P  .98 
MC10O6P  .98 
MC1810P  .98 

MC2053L  .45 

MC3004L  1.32 

MC3006P  1.44 

MC3007P  1.32 

MC3021L  2.15 

MC3021P  2.15 

MC3060L  2.65 

MC3062L  3.00 

MC4024P  2.20 

MC14501CP  .31 

MC14502CP  1.18 
MC14507CP  .82 

MC14510CP  2.40 
MC1451 1  CP  2.76 
MC14512CP  1.92 
MC14519CG  .94 

MC14528CP  1.74 
MC4044P  4.80 


POSITIVE 
VOLTAGE 
REGULATORS  I 


AN136  2.90 

AN 203  3.75 
AN 208  4.75 
AN210  3.10 

AN211  3.30 

AN214  4.90 

AN217  3.30 


AN 2 39  6.50 
AN241  3.20 

AN245  6.50 

AN274  3,95 

AN277B  3.40 
AN288  4.80 

AN320  4.05 

AN343  3.90 


HA1158  6.30 

HA1159  6.60 

HA1202  3.10 

HA1306W  5.20 


HA1312  4.05 

HA1322  5.20 

HA1339  5.20 

LAI  201  4.25 

LA1364  4.70 

LA1366  6.00 

LA1367  5.90 

LA3301  4.85 

LA4030  4.85 

LA4031P  3.50 
LA4051P  4.65 
LD3001  3.35 

LD3080  4.00 

LD3120  3.10 

LD3141  2.40 

M5112  5.40 

M5115PR  4.80 
M5155  2.85 

SG613  5.40 

STK011  10.50 
STK015  6.50 
STK025  12.50 
STK032  14.20 


STK056  11.35 
STK415  11.50 
TA7045M  3.50 

TA7054P  3.05 

TA7055P  5.50 

TA7060P  1.85 

TA7061P  2.25 

TA7062P  2.25 

TA7063P  2.25 

TA7074P  4.90 

TA7075P  4.90 

TA7076P  4.55 

TA7092P  6.50 

TA7102  5.15 

TA7106P  3.25 

TA7120P  2.20 

TA7120P-C  2.20 
TA7122AP  2.30 
TA7124P  1.85 

TA7146P  4.10 

TA7150P  4.55 

TA7153P  6.90 

TA7200P  6.25 


TA7201P  6.40 

TA7203P  7.00 

TA7204  P  6.50 
TA7205P  6.50 

TA70OO5M  2.50 
TA78005P  1.95 

TA70O12M  2.50 
TA78012P  1.95 

TA78015M  2.50 

TA78015P  1.95 

TC9100P  12.00 

UPC16C  2.50 
UPC20C  5.00 
UPC41C  3.95 
UPC40C  3.95 
UPC554C  3.90 
UPC563H2  8.00 
UPC566H  2.25 
UPC575C  4.10 
UPC1001H2  5.15 
UPC1020H  5.50 
UPC1025  5.50 


BC184L  .60 
CA3001  .75 

CA3005  .80 

CA3006  1.10 

CA3018  1.60 

CA3018A  1.60 
CA3026  2.15 

CA3035  2.45 

CA3039  1.35 

CA3058  1.90 

CK707P  .45 
C5134J  1.15 

C5135J  1.20 

C5136  1.25 

IC3(GE)  1.50 
LM301AN  .35 


LM309K  1.95 
LM351AN  .70 
LM741CP  .40 
LM1458M  .65 

MFC9020  1.15 
MR995A  1.05 
MSC9967P1 .50 
N5550  .55 

N8598B  5.00 

NE555V  .45 
PA771131  .45 

PL994551  .45 

RC14370B  .35 
SC9962P  .70 

SC9966P  1.25 
SN1503ON  .50 


SN15844N  .55 

SN15946  .55 

SN158097N  .60 

SN72560P  4.50 

SN727410N  .85 

SN72741C  .45 

SN72740P  .49 

UA703C  .45 

UA709C  .40 

USF7733393  2.40 


LM340K-5  1.9! 

LM340K-6  1.91 

LM34OK-0  1.9! 
LM340K-12  1.9! 

LM340K-15  1.9! 

LM340K-18  1.9! 

LM340K-24  1.9! 

LM340TO-5  1.7! 

LM340T0-6  1.7! 

LM34OTO*0  1.7! 
LM340T0-12  1.7! 

LM340T0-15  1.7! 

LM340T0-18  1.7! 
LM340T0-24  1.7! 

NEGATIVE 
REGULATORS 
AVAILABLE 


IC's  ON  THE  MOVE 


BBD  :  BUCKET  BRIGADE  DEVICE 
MM3001  19.50  MN3002  11.70  MM3003  9.45 

HALL  1C  :  DN834  1.25  DN037  1.50 

DN835  1.35  DN838(NEW) 

SN76001  1.75  SN76002  1.95 

PLL02A  MIDLAND  PHASE  LOCK  LOOP  12.00 


MICROPROCESSOR  CHIPS 


1404 A  3.25  2102  2.50  MM5013 

C1702A  19.95  C27O0  95.00  8008 

2101  6.95  C4702A  19.95  8080A 

MK4200  P-11  4096x1  Bit  Dymanlc  Ram 

C5101-3  1024  Bit  (256x4)  Static  C-Mos  Ram 

MC14514  4  Bit  Latch  4  to  16  Line  Decoder 

CALL  OR  WRITE  FOR  FURTHER  INFORMATION. 
SPEC'S  AVAILABLE 


ELECTROLYTIC 

CAPACITORS 


CARBON  RESISTORS 

Minimum  5  Pcs  Per  Value 


2.2MF50 

3.3MF10 

3.3MF10 

10MF25 

10MF50 

10MF150 

25MF35 

30MF25 

47MF25 

47MF50 

100MF16 

100MF25 

500MF50 

1000MF35 


AXIAL  LEADS  .15 


AXIAL  LEADS 

.15 

PRICING 

5-25 

30-95 

100-495 

NO  POLARITY 

.15 

V4W5% 

.06 

.05 

.04 

AXIAL  LEADS 

.15 

'/iw5% 

.08 

.07 

.06 

AXIAL  LEADS 

.15 

STANDARD  RESISTANCE  VALUES 

AXIAL  LEADS 

.20 

OHMS 

AXIAL  LEADS 

.15 

10 

270 

820 

4.7K 

27K 

AXIAL  LEADS 

.15 

22 

300 

910 

5.1  K 

33K 

RADIAL  LEADS 

.15 

47 

330 

1  .OK 

6.8K 

47  K 

RADIAL  LEADS 

.20 

51 

470 

1.5K 

7.5K 

100K 

RADIAL  LEADS 

.15 

100 

510 

2.2K 

8.2K 

330 K 

RADIAL  LEADS 

.20 

150 

560 

2.7K 

10K 

1.0M 

AXIAL  LEADS 

.60 

220 

680 

3.3K 

15K 

i  AXIAL  LEADS 

.65 

240 

750 

3.9K 

22K 

T  ransistor  / 
Diode  Pac 
I.C  Pac 
Resistor  Pac 
Mos  Fet  Pac 
SCR  Pac 


HOBBY  SPECIALS 


YOU  TEST  'EM  SAVE  BIG  MONEY 
100  Asst,  (includes  Case  T03.  T066 
T0220.  T0202) 

100  Asst,  (includes  Case  T05, 

T039,  T0 18,  D07.  0041) 

100  Asst  (includes  14  &  16  Pin) 

50  Asst.  (Assorted  values) 

10  Asst,  (many  top  #s  Case  T072) 

100  Asst,  (similar  to:C103  Series)  Case  to  92. 
VR:10-100V,  L400MA.  IGT:200MA 


I  PACE/PATHCOM  PART  #’Sl 


130079 

4.00 

IP20-0123  2.75 

$2.99 

1300821 

.65 

IP20-0131  2.50 

13-0122 

1.75 

IP20-0141  3.00 

$1.99 

83-0005 

2.00 

IP20-0142  3.00 

83-0007 

2.50 

IP20-0139  .43 

$3.50 

83-0008 

2.00 

IP20-0154  6.00 

$1.50 

83-0015 

3.00 

IP20-0155  2.50 

$0.99 

IP20-0005 

3.00 

IP20-0161  4.00 

$4.00 

IP20-0016 

.40 

IP20-0177  2.75 

ZENER  DIODES 

Vs  &  1  Watt  10%  .30  each  UP  TO  33V. 

GREATER  THAN  33V  CALL  FOR  PRICING 


IP20-0034  .85 

IP20-0037  .85 

IP20-0045  2.00 
IP20-0073  2.75 
IP20-0093  2.50 


IP20-0176  2.85 


JAPANESE  TRANSISTORS  *  CB.  AUDIO.  INDUSTRIAL 


.60  2SC206 
.75  2SC240 
.75  2SC291 
1.95  2SC292 
.80  2SC320 
.70  2SC352 
.70  2SC353 
.50  2SC371 
.65  2SC372 
.85  2SC394 

2.75  2SC458 
.85  2SC460 

3.75  2SC478 
.85  2SC481 

1.30  2SC402 
i  1.45  2SC491 
.55  2SC495 
.05  2SC497 
.05  2SC502 
2SC! 

.65  2SC517 
.70  2SC535 
.70  2SC530 
.70  2SC537 

2.25  2SC563 

4.50  2SC607 
.55  2SC614 
.55  2SC615 

1.00  2SC616 
.60  2SC617 
.80  2SC620 
7.00  2SC627 
.05  2SC642 
1.00  2SC643 
2.10  2SC644 
1.60  2SC681 
.05  2SC684 
.85  2SC607 
1.85  2SC696 
.05  2SC699 

1.25  2SC710 
1.65  2SC711 

1.75  2SC712 

1.50  2SC713 
1.25  2SC731 
2.10  2SC732 
1.25  2SC733 

.95  2SC735 
.90  2SC739 
.70  2SC715 
3.00  2SC756 

3.50  2SC762 
.95  2SC773 


1.00  2SC774  1.75 

1.10  2SC775  2.75 

.65  2SC776  3.00 

3.00  2SC777  4.00 

.75  2SC770  4.00 

.75  2SC701  3.00 

.75  2SC783  1.00 

.70  2SC704  .70 

.70  2SC705  1.00 

.70  2SC709  1.00 

.70  2SC793  2.50 

.70  2SC796  3.15 

.80  2SC797  2.50 

1.85  2SC798  3.10 

1.75  2SC799  4.25 

2.50  2SC802  3.75 

1.10  2SC803  4.00 

1.60  2SC015  .75 

1.50  2SC028  .75 

.80  2SC829  .75 

4.25  2SC830  1.60 

.75  2SC838  .  70 

.65  2SC839  .05 

.70  2SC922  .55 

2.50  2SC929  .70 

1.25  2SC930  .65 

3.80  2SC938  .65 

3.90  2SC943  1.50 

4.15  2SC945  .65 

4.25  2SC959  3.15 

.00  2SC960  2.75 

1.75  2SC984  1.50 

3.50  2SC996  4.90 

3.75  2SC1010  .60 

.70  2SC1012  .80 

2.50  2SC1013  1.50 

2.10  2SC1014  1.50 

2.50  2SC1017  1.50 

3.00  2SC1O10  1.50 

4.75  2SC1030  4.75 

.70  2SC1051  2.50 

.70  2SC1060  .75 

.70  2SC1061  1.65 

.70  2SC1069  3.50 

3.00  2SC1079  3.75 
.70  2SC1080  3.75 
.70  2SC1096  1.20 
.70  2SC1098  1.15 
.70  2SC1115  2.75 
.70  2SC1166  .70 

3.00  2SC1167  4.25 

1.90  2SC1170  4.00 
.85  2SC1172B  4.25 


2SC1173 

2SC1175 

2SC1209 

2SC1213 

2SC1226A 

2SC1237 

2SC1239 

2SC1243 

2SC1293 

2SC1306 

2SC1307 

2SC1308 

2SC1317 

2SC1310 

2SC1325 

2SC1327 

2SC1338 

2SC1346 

2SC1347 

2SC1364 

2SC1377 

2SC1383 

2SC1384 

2SC1409 

2SC1410 

2SC1447 

2SC1446 

2SC1449 

2SC1475 

2SC1507 

2SC1509 

2SC1569 

2SC1674 

2SC1675 

2SC1676 

2SC1679 

2SC1756 

2SC170O 

2SC1016 

2SC1908 

2SC1909 

2SC1957 

2SC1973 

2SC1974 

2SC1975 

2SC2O20 

2SC2029 

2SC2074 


.95  2SD77 
.65  2SD81 
.55  2SD08 
.75  2SD118 
1.25  2SD130 

4.50  2SD141 
4.00  2SD151 

1.50  2SD170 
.05  2SD180 

4.75  2SD201 

5.75  2SD210 

4.75  2SD235 
.60  2SD300 
.70  2SD313 

4.95  2SD315 
.70  2SD316 

1.75  2SD317 
.00  2SD310 
,60  2SD325 

1.50  2SD341 

5.50  2SD350 
.75  2SD352 
.85  2SD380 

1.25  2SD389 
1.25  2SD390 
1.25 

1.25  2SF8 
1.30  2SCF8 

1.50  2SCF6 
1.25  HEPS3001 
1.25  JSP7001 
1.25  MRF8004 
1.75  MPS8000 

1.75  MPS8001 

5.50  MPSU02 

4.75  MPSU31 
1.25  SK3047 
2.15  SK3O40 

4.50  SK3049 
.70  SK3054 

4.75  2SK19 

1.50  2SK30 
1.50  2SK33 
4.90  2SK41 
4.90  3SK22Y 
1.10  3SK40 
4.75  3SK45 
3.00  3SK49 

4004 
2.00  4005 
.75  4  0000 
.90  40081 
1.00  40002 


POPULAR  JEDEC  SEMICONDUCTORS 

1N34  .25 

2N910 

.60 

2N2218 

.25 

2N2906A 

.30 

2N3646 

.14 

2N4220A 

.45 

1 N60  .25 

2N930 

25 

2N2210A 

.30 

2N  2907 

.25 

2N3730 

2.50 

2N4234 

.95 

1N270  .40 

2N956 

.30 

2N2219 

.25 

2N2907A 

.30 

2N3731 

3.75 

2N4400 

.16 

1N914  .07 

2N960 

.90 

2N2219A 

.30 

2N2913 

.75 

2N3740 

1.00 

2N4401 

.18 

2N962 

.95 

2N2221 

.25 

2N2914 

1.20 

2N3771 

1.75 

2N4402 

.16 

2N173  1-75 

2N967 

,95 

2N2221A 

.30 

2N2916A  3.65 

2N3772 

1.90 

2N4403 

.20 

2N174  3.50 

2N1136 

1.75 

2N2222 

.25 

2N3019 

.50 

2N3773 

3.00 

2N4409 

.16 

2N170  .90 

2N1142 

2.25 

2N2222A 

.30 

2N3053 

.30 

2N3019 

.40 

2N4410 

.16 

2N327A  1.15 

2N1300 

1,00 

2N2223 

1.00 

2N3054 

.70 

2N3023 

.70 

2N4416 

.75 

2N334  1.20 

2N1301 

1.10 

2N2270 

.40 

2N3055 

.75 

2N3850 

.20 

2N5061 

.30 

2N336  .90 

2N1302 

1.25 

2N2323 

1.00 

2N3227 

1.00 

2N3000 

.65 

2N5064 

.50 

2N338A  1.05 

2N1303 

.70 

2N2324 

1.35 

2N3247 

3.40 

2N3903 

.18 

2N5130 

.20 

2N398B  1.50 

2N1304 

1.25 

2N2325 

2.00 

2N3250 

.50 

2N3904 

.16 

2N5133 

.15 

2N404  .75 

2N1305 

.75 

2N  2326 

2.85 

2N3375 

8.50 

2N3905 

.16 

2N5138 

.15 

2N  44  3  2.50 

2N13O0 

1.35 

2N2327 

3.80 

2N  3393 

.20 

2  N  3906 

.16 

2N5190 

3.76 

2N456  1.30 

2N1307 

.75 

2N2328 

4.25 

2N3394 

.17 

2N3925 

3.75 

2N5294 

.50 

2N501A  3.00 

2N13O0 

1.50 

2N2329 

4.75 

2N3414 

.17 

2N3954 

3.50 

2N5298 

.50 

2N5O0A  .45 

2N1309 

.90 

2N2368 

.25 

2N3415 

.18 

2N3954A 

3.75 

2N  5308 

.20 

2N555  .75 

2N1552 

3.25 

2N2369 

.25 

2N3410 

.19 

2N3955 

2.45 

2N5354 

.20 

2N852A  1.25 

2N1554 

1.25 

2N2404 

.32 

2N3417 

.20 

2N3957 

1.25 

2N5369 

.'20 

2N077  6.00 

2N1557 

1.15 

2N2712 

.18 

2N3442 

1.85 

2N4038 

.75 

2N5400 

.40 

2N708  .25 

2N1580 

2.80 

2N2094 

.40 

2N3553 

1.50 

2N4037 

.60 

2N5401 

.50 

2N706B  .75 

2N1605 

.35 

2N2903 

3.30 

2N3563 

.20 

2N4093 

.65 

2N  5457 

.35 

2N711  .90 

2N1613 

.30 

2N2904 

.25 

2N3585 

.20 

2N4124 

.18 

2N  5450 

.30 

2N711B  1.10 

2N1711 

.30 

2N2904A 

.30 

2N3638 

.20 

2N4128 

.16 

CI03Y 

.25 

2N718  .25 

2N1907 

4.10 

2N2905 

.25 

2N3642 

.20 

2N4141 

.20 

C106B1 

.50 

2N718A  .30 

2N2060 

1.65 

2N2905A 

.30 

2N3643 

.20 

2N4142 

.20 

2N720A  .50 

2N2102 

.40 

2N2906 

.25 

2N3645 

.20 

2N4143 

.20 

,  SILICON 

||  UNUUNCTIONS 

| 

HARDWARE  ★  !C  SOCKETS 

|  RECTIFIERS  | 

65  MU4692  .50  Nylon  Screws,  Nuls  &  Rivets  (Complete  Kit,  50  pc's)  1.99 

45  MU4893  .50  Trans  H/W  Mica,  Bushings  &  Screws 

.55  MU4894  .50  Case  T03,  T066  &  T0220  (Specify  Type,  10  Sets)  1.00 

.75  2N0O27  55  MK20  T03  Complete  Mounting  Kit  57.99 

.75  2N6O20  .70  MK25  T066  Complete  Mounting  Kit  5/99 

.50  D5E37  .35  1C  Socket  8  Pin  T05  Pkg.  ot  2  I.OOea. 

.50  MU10  .35  1C  Socket  10  Pin  T05  Pkg.  of  2  1.22ea. 

t  .50  MU20  .40  1C  Socket  14  Pin  DIL  Pkg.  of  1  .25ea. 

1C  Socket  16  Pin  DIL  Pkg.  of  1  .27ea. 


10 

For 

IN4001  .80 

IN4002  .70 

IN4003  .80 

IN  4004  .90 


0  100 

:or  For 

.80  5.00 

.70  8.00 

.80  7.00 

.90  8.00 


IN4005  1.00  9.00 

IN4006  1.10  10.00 
IN-4007  1.20  11.00 


|T;  i  Ll  J  r~J  NEW-TONE  ELECTRONICS 
PO  BOX  1738A 

~/a  LLJeCWi  BLOOMFIELD,  N.J.  07003 

:  :  g  i  ]  j  PHONE:  (201)  74S-8171,  8172,  6173 

Thank  you,  foe  your  Intaraat  and  rasponaa  to  Naw-Tonal 

NJ.  raaldantt  add  5%  aaiaa  tax,  minimum  ordar  $5.00.  Phona  Orders  Welcome 
All  orders  add  $1.00  Poataga  $1.50  Canada  Dealara  Writ#  or  Phona  lor  Discount  Prices 


FEBRUARY  1977 


CIRCLE  NO.  45  ON  REE  INFORMATION  CARD 


:;.si 

CRYSTALS  | 

THESE  FREQUENCIES  ONLY  ! 

ss3e 

Pari  # 

Fraquancy 

Case/Style' 

pat*3 

CY1A 

1.000  MHz 

HC33/U 

55.95 

CY2A 

2.000  MHz 

HC33/U 

$5.95 

CY3A 

4.000  MHz 

HC10/U 

S4  95 

CY7A 

5.000  MHz 

HC10/U 

S4.95 

CY12A 

10.000  MHz 

HC18/U 

S4.95 

CY14A 

14.31018  MHz 

HC10U 

S4.95 

CY19A 

16.000  MHz 

HC10/U 

S4.95 

CY22A 

20.000  MHz 

HC18/U 

54.95 

CY3O0 

32.000  MHz 

HC10/U 

S4.95 

MICROPROCESSOR  COMPONENTS 

8080A  CPU  $19.95  MC6800L  8  Bit  MPU  S35.00 

8212  8  Bit  Input/Output  4.95  MC6820L  Periph.  Interface  Adapter  15.00 

8216  Bi-Directional  Bus  driver  6.95  MC6810AP1  128  x  8  Static  RAM  6.00 

8224  Clock  Generator/Driver  12.95  MC6830L7  1024  x  8  Bit  ROM  18.00 

8228  System  Controller  -  Bus  Driver  12.95 


XR -2260KB  Kit  $27.95 


WAVEFORM 

GENERATORS 

XR-205  $8.40 

XR-2206CP  4.49 

XR-22D7CP  385 

STEREO  DECODERS 

XR-1310CP  $3.20 

XR-1310EP  3.20 

XR-1800P  3.20 

Xfl-2567  2.99 


EXAR 


XR-2206KA  Kit  S17.95 


TIMERS 

XR-555CP  S  >9 
XR-320P  1.55 

XR-556CP  1  65 

XR-2556CP  3.20 

XR-2240CP  3.25 

PHASE  L0CKB1  LOOPS 
XB -210  5  20 

XR -21 5  6  60 

XR-567CP  1.95 

XR-567CT  1  70 


2504 

2518 

2519 

2524 

2525 
2527 
2529 

2532 

2533 
3341 
741S670 


5.80 

4.80 
5.20 


CONNECTORS 

PRINTED  CIRCUIT  EDGE-CARD 

.156  Spacing-Tin -Double  Read -Out 
Bifurcated  Contacts  —  Fits  .054  to  .070  P,C.  Cards 


15/30 

PINS  (Solder  Eyeiet) 

SI. 95 

18/36 

PINS  (Solder  Eyelet) 

$2.49 

22/44 

PINS  (Solder  Eyelet) 

$2.95 

50/100  (.100  Spacing)  PINS  (Solder  Eyelet) 

25  PIN-D  SUBMINATURE 

$6.95 

DB25 

PLUG 

$3.25 

DB25 

SOCKET 

$4.95 

3Va  DIGIT  DVM  KIT 


This  0-2  VOC  .05  per  cent  digital  voltmeter  features  the  Motorola  31/z  digit 
DVM  chip  set.  It  has  a  .4"  LED  display  and  operates  from  a  single  +5V 
power  supply.  The  unit  is  provided  complete  with  an  injection  molded  black 
plastic  case  complete  with  Bezel.  An  optional  power  supply  is  available 
which  f  its  into  the  same  case  as  the  0-2V  DVM  allowing  1 1 7  VAC  operation . 

A.  0-2V  DVM  with  Case  $49.95 

B.  5V  Power  Supply _ $14.95 


VECTOR  WIRING  PENCIL 

Vector  Wiring  Pencil  P173  consists  of  a  hand  held  lealherweight  lunder  one  ounce) 
tool  which  is  used  lo  guide  and  wrap  msuiaied  wire  led  off  a  sell-contained  replaceable 
bobbin  onlo  component  leads  or  terminals  installed  on  pie-punched  P  Pattern 
VedorDoid  Connections  between  ihe  wrapped  wue  and  component  leads  pads  ot 
terminals  are  made  by  soldering,  Complete  with  250  FT  ol  red  wire  gg  gg 


REPLACEMENT  WIRE  —  BOBBINS  FOR  WIRING  PENCIL 

W36-3-A-Pkg.  3  250  ft.  36  AWG  GREEN  52.40 

W36-3-B-Pkg  3  250  ft  36  AWG  REO  $2.40 

W36-3-C-Pkq.  3  250  ft  36  AWG  CLEAR  52.40 

W36-3-D-Pkg  3  250  ft  36  AWG  BLUE  52.40 


1/16  VECTOR  BOARD 

o.r  h 


Part  No. 

6JPJ4  062XXXF 
I69P-4  02XXXP 
64PJJ  062 
BJPJ-i  062 
169P-J  062 


J  50 
J  50 
450 
4.50 


650 
t.  00 
650 


2  56 
5.04 
9  23 


CPU'S 

8  BIT  CPU 
Super  8008 
Supei  8008 

SR'S 
1024  Dynamic 
He*  32  BIT 
He*  40  BIT 
512  Dynamic 
<024  Dynamic 
Dual  256  BIT 
Dual  512  BIT 
Quad  80  BIT 
1024  Static 
Frto 

16  x  4  Reg 


AY-5-1013  30K  Baud 

ROMS 
Char  Gen 
Char  Gen 

17  1024 -Bit  Programmable 


S19  95 
24  95 
19  95 


6  00 
3  95 
400 
3  95 
7  95 
6  95 
3  95 


S  9.95 
10.95 


1  95 


tt03 

2101 

2102 

2107 

2111 

7010 


91102 

74200 

93421 

MM5262 

1702A 

5203 

B2S73 

82S123 

74S287 

3601 


256  x  1 
1024  x  1 
256  *  4 
L02J  x  I 
4096  *  1 
256  x4 
1024  *  1 
16x4 
256  x  4 


Dynamic 
Slade 
Sialic 
Dynamic 
Static 
MNOS 
Static 
Static 
Static 
Static 
Static 
Static 
Sialic 
Dynamic 
PROMS 
F, linos 
Famos 
Open  C 
Instate 
Static 


S  2  25 
1.00 

5  95 

1  75 
9  95 

6  95 
29  95 

2  49 
6.95 
6.95 

3  49 
2  25 
6  9b 
2  95 


14  95 
5  00 
5  00 


BIPOLAR  PROM  SPECIAL 

6330- 1  256  Bit  (32  x  8)  Open  Ccllecloi  2.95  6306-1  204B 

6331- 1  256  Bit  (32  x  8)  Three  Slate  2.95  6340-1  2048 

6300- 1  1024  Bit  (256  x  4)  Open  Collector  3  49  6341-1  2048 

6301- 1  1024  Bit  (256  x  4)  Three  Slate  3.49  6352-1  4096 

6305-1  2046  Bit  (512  x  4)  Open  Collector  9.95  6353-1  4096 


Bit  (512  x  4)  Three  Slale 
Bit  (512  x  6)  Open  Collector 
Bn  (512  x  8)  Three  State 
Bit  (102  x  4)  Open  Collector 
Bit  (1024  x  4)  Three  State 


19.95 

19.95 

19.95 


©TimebcincT 

Miramar*  01  FarrcWd  Cm*».a  aix»  iov»txn«U  Coroot«lw» 

DIGITAL  ALARM  CLOCK  $16.95 


24-Hour  Alarm 
,  'DOZE”  Button 
r  100%  Solid  State 
i  Large  Red  Led  Display  1.8"  high) 

.  AM/PM  indicator 
i  Seconds  Display  at  touch  of  button 
,  SPECIFY  BLACK  OR  IVORY 


DIGITAL  WATCHES 


Proto  Board  100 


Continental  Specialties 
?  $19.95  ™e 8  % 3 M 

V  iws.wsw  breaDBOARO  X  ” 

BUDGET  KIT 


>  Ql  3W  fcvSino 


trip  ufticrtp  *i-  -i-m 

*•  “''79.95 


DC 


§Ji 


’ '*22  29.95  il 

Wom  lot*  HI  I.  .W"! 

. . .  •  39.95  %,-JO  NT 

' 


f;  ... 

& 


v 


?  59.95 


i.DU  li.j 


■  „ - -  ,,  j-* 

Proto  Board  6  $15.95 


SPECIAL! 


V.  LOGIC  MONITOR 

Simultaneously  displays 
if  dynamic  logic  states  ol 
||  HTL  or  CMOS  DIP  ICs 
I*  Pocket  sire 


static  and 
OTl  7TL. 

$84.95. 


OT  12S 

3>« 

’5'  OI-7S 


OT  type 

OTS9S 
QT-590 
OT-J7S 
OT  4  TB 
OT-3SS 
OT-ase 
OT  IBS 
OT-iJS 
OT-flS 
OT-7S 


GEMINI-68 


The  Unique  Microprocessing  System 

AJIKBUCflLOM 


* 


HEAT  SINKS 


205-CB  Beryllium  Copper  Heat  Sink  with  Black  Finish  for  TO-5  5  .25 

291-.36H  Atuminum  Heat  Sink  (or  TO -220  Transistors  &  Regulators  $  .25 
680-.75A  Black  Anodized  Aluminum  Heat  Sink  lot  TO-3  $1 .60 


HEXADECIMAL  ENCODER  19-KEY  PAD 

•  i  -  o 

•  ABCDEF 

•  Return  Key 

•  Optional  Key  (Period) 

•  —  Key 


$10.95  each 


63  KEY  KEYBOARD 


This  keyboard  leatures  63  unen¬ 
coded  SPST  keys,  unattached  lo 
any  kind  of  P  C.B  A  very  solid 
molded  plastic  13  x4  base 
suits  most  applications 

$19.95 


HDD165  16  LINE  TO  FOUR  BIT  PARALLEL  KEYBOARD  ENCODER 


JOYSTICK 

These  joysticks  feature  four  * 
potentiometers,  that  vary  re¬ 
sistance  proportional  to  the 
angle  of  the  stick.  Sturdy  metal 
construction  with  plastics 
components  only  at  the  mova- 
-  bfe  joint.  Perfect  for  electronic 
games  and  instrumentation. 

*5K  Pots  $6.95 
*10QK  Pots  $7.95 


ALL  BOARDS  BUS  EXPANDABLE 

Uses  standard  size  4%”  wide  boards,  dual  22  pin  edge  connector 
Fully  buffered  and  tristatable  address  and  data  buses 

STAND  ALONE  CPU  BDARD  —  Has  384  bytes  of  RAM  on  board,  serial  I/D  (RS-232 
and  20  ma  current  loop,  cycle  stealing  direct  memory  access  (DMA),  built  in  soft- 
ware  —  selectable  echo-back  capability.  Part  #  SA-CPU  Board  $279.95 

CPU  BOARD  —  Same  as  above  but  only  has  128  bytes  of  RAM  on  board-used  with  __ 

8K  RAM  board  listed  below  Part  #  Gemini  68  CPU  Board  $259-95 

8K  RAM  BOARO  —  Uses  low  power  static  RAMS,  500ns  cycle  time,  1 .5  Amps  Max 

Part  #  Gemini  68  RAM  Board  $269.95 
8K  EPROM  BOARD  —  Uses  5204  EPROMS  by  AMI  or  NATIONAL.  Shipped  with  all 
decode  and  miscellaneous  IC  s.  except  the  5204  EPROMS 

Part  #  Gemini  68  EPROM  Board  $  89.95 

NOT  A  KIT  —  ALL  BOARDS  ARE  COMPLETELY  ASSEMBLED, 

BURN  ED -IN  AND  TESTED.  COMES  WITH  COMPLETE  DOCUMENTATION. 

fluow  approximately  tour  weeks  io«  delivny 


55.00  Minimum  Order  —  U.S.  Funds  Only 
California  Residents  —  Add  6%  Safes  Tai 


Spec  Sheets  -  25c  —  Send  24c  Stamp  for  1977  Catalog 
Dealer  discount  Available  —  Request  Pricing 


ELECTRONICS 


1021 -A  HOWARO  AVE.,  SAN  CARLOS,  CA.  94070 
PHONE  ORDERS  WELCOME  -  (415)  592-8097 

All  Advertised  Prices  Good  Thru  February 


EXELAR  Mens  Watch 

•  5  Function 

•  Quartz  Crystal 

•  Black  Leather  Band 

•  Manufacturer  Guarantee 

•  Specify  Gold 
oi  Chrome 

$25.00 


5  FUNCTION  ELECTRONIC  CALCULATOR 
RADOFIN  MODEL  8P 


$8.95 


FEATURES: 

•  B  Digit  Display 

•  5  Functions  cons 6E0I  add <1  ion  subtraction  mul¬ 
tiplication  division  percentage  wilh  constant  on 
all  functions  with  full  floating  decmal  point 

•  Power  souicf  is  t  pwcf  9V  DC  Battery  00 GP 
lack  fo>  AC  adapter 

•  Black  superiine  grained  Imsh  plastic  cabinet 


DIGITAL  STOPWATCH 

tt '  J 


•  Bright  6  Digit  LED  Oept.ry 

•  Times  tn  69  minutes  59  59  seconds 

•  CrysU1  Controlled  time  Bose 

•  Three  Stopw.itches  tn  One 

limes  Single  Event  -  Spur  &  Tayioi 
.  mffi4  5  *  2  15  •  90  i4'j  ounces! 

•  uses  J  Penlite  Celts 

Kit  -  S39.95 

Assembled  —  $49.95 

Heavy  Duty  Carry  Case  S5. 95 


DIGITAL  QUARTZ  CAR  CLOCK 


win  H-te  *  t  ‘  tun  iTiri..Pt  hi  »  * 
led  r  n  nwi  deft 1 ,  *  i  nnwr  in  "  <  t* 

. ;<.*!•  od  .id  iwiif’i 

i  dr<  WN5  i  n«V  c  i  >e,r 
Ki  iy  !<•  O'4  ■  On.  t  *■ 

,.nd  *  C  ’ft  rt>  tfai-i 

,•  'em  mow  i yi.y  ;i.,  j 
him-  •  hr-  nit  Pick 
PWFN  Ofi‘  /  ... 

•%i  >-rw  moot 


Kit:  S29.95 
Assembled;  $39.95 
CASE  ONLY  (includes  hardware,  mounting  bracket  and  bezel) 


J: 

115  VAC 


JE700  clock 

The  JE  700  is  alow  cost  digital  clock  but 
is  3  very  high  quality  unil  The  unit  fea¬ 
tures  a  simulated  wainui  case  with  di¬ 
mensions  ot  6  *2'z  *)  Il  utilizes  a 
MAN 72  high  brightness  teadOul  and  the 
MM53U  clock  chip 

$17.95 


This  large  digit  clock  (  6  hours  & 
minutes,  3  seconds)  leatures  the 
MM5314  dock  chip  II  operates 
from  1 1 7  VAC,  and  will  operate  in 
either  a  12  or  24  hour  mode  The 
clock  is  complete  with  a  walnut 
gram  case  and  has  fast  set.  slow 
set.  and  hold  time  set  leatures 

JE500  KIT  -  ALL  COMPONENTS  &  CASE  S34.95 
WIRED  &  ASSEMBLED  $39.95 


DIGITAL  CLOCK  KIT  —  3Vz  INCH  DIGITS 

4  DIGIT  KIT  $49.95  4  DIGIT  ASSEMBLED  S59.95 

6  DIGIT  KIT  $69.95  6  DIGIT  ASSEMBLED  $79.95 

This  dock  features  big  3Yi"  high  digits  for  viewing  in  offices,  auditoriums, 
etc.  Each  digit  is  formed  by  31  bright  0.2"  LED’s.  The  clock  operates  from 
117  VAC,  has  either  12  or  24  hr.  operation.  The  6  digit  version  is  27”  x 
3W"  xlft"  and  the  4  digit  is  18"  x  3 Vi"  x  IVi"  Kits  come  complete  with 
all  components,  case  and  transformer. 

Specify  12  or  24  Hour  When  Ordering 


JE803  PROBE 

The  Logic  Probe  is  a  unit  which  <s  for  the  most  pan 
mdespensibie  in  trouble  shooting  logic  families 
TTl  OTL  HU  CMOS  il  derives  the  power  it 
needs  to  operate  directly  otl  d  the  circuit  undei 
lest  drawing  a  scant  10  mA  max  it  uses  a  MAH 3 
readout  lo  indicate  any  ot  the  following  states  by 
j ihese symbols  iHl  i  iiOWi  oiPULSEt  P  The 
i  Probe  can  delect  tugn  Irequency  pulses  lo  45  MHz 
'it  can  t  be  used  at  MOS  levels  or  circuit  damage 
will  result 


$9.95  Per  Kit 

printed  circuit  boardl 


TaL  5V  1A  Supply 

This  is  a  standard  TTL  power  supply  using  me  wen  known 
LM309K  regulator  IC  lo  provide  a  solid  i  AMP  ot  current  at  5 
votis  we  try  fo  make  things  easy  for  you  by  providing 
evecylhmg  you  neeo  in  one  package  including  the  dataware 

'"“i  $9.95  Per  Kit  J 


104 


POPULAR  ELECTRONICS 


7400N  TTL 


i mm  -  - - -  ~  '7y 

SN7400N  16  SN7459A  25 

SN7401N  16  SN7460N  22  SN741W 

SN7402N  21  SN7470N  45  SN74155 

SN7403N  16  SN7472N  .39  SN74156 

SN7404N  IB  SN7473N  37  SN74157 

SN7405N  24  SN7474N  .32  SN74160I 

SN7406N  .20  SN7475N  50  SN74161 

SN7407N  »  SN7476N  32  SN74163 

SN7408N  .25  SN7479N  5  00  SN74164 

SN7409N  25  SN7480N  50  SN74165 

SN7410N  IB  SN74B2N  98  SN74166 

SN7411N  30  SN74S3N  70  SN74167 

SN7412N  33  SN74B5N  B9  SN74170 

SN7413N  45  SN7486N  39  SN74172 

SN7414N  70  SN7408N  3.50  SN74173I 

SN7416N  35  SN74B9N  2  49  SN74174 

SN7417N  35  SN7490N  45  SN7417SI 

SN7420N  21  SN7491N  75  SN74176 

SN7421N  33  SN7492N  49  SN74177 

SN7422N  49  SN7493N  49  SN741B0 

SN7423  N  37  SN74  94  N  79  SN741B1 

SN7425N  29  SN7495N  79  SN741B2; 

SN7426N  29  SN7496N  89  SN741B4 

SN7427N  37  SN7497N  4,00  SN741B5I 

SN7429N  42  SN74IOON  1.00  SN741B6J 

SN74  30N  26  SN74107N  39  SN74187I 

SN7432N  31  SN7412IM  39  SN74188, 

SN7437N  27  SN74122N  39  SN74190, 

SN743BN  27  SN74123N  SO  SN74191I 

SN7439N  25  SN74125N  60  SN74192I 

SN7440N  15  SN74126N  60  SN74193I 

SN7441N  89  SN74132N  1  09  SN74194I 

SN7442N  59  SN74136  N  95  SN74195I 

SN7443N  75  SN74141N  1  15  SN74196: 

5N7444N  75  SN74142N  4  00  SN74197I 

SV7445N  75  SN74143N  4  50  5N74138I 

SN7446  N  81  SN74  1  44W  4  50  5N  74199I 

SN7447  S  69  SN74145N  1  15  5N74200I 

SN744BN  79  SN74J47N  2  35  SN74279I 

SN74  50N  *  26  5N74t48N  2,00  SH74251I 

SN7451N  ,27  SN74T50N  1  00  SN74284I 

5N7453N  .27  SN74I51N  79  SN74285J 

SN74  54  N  20  SN74153N  89  SN74367I 

MANY  OTHERS  AVAILABLE  ON  REQUEST 
20%  Discount  for  100  Combined  7400’s 


C  04000  25  74C0JN 

C 04 001  25  V-IV \\J  J  74C10N 

C04002  25  CO 4035  '  85  74C20N 

C04006  2  SO  ctw,°  2  45  74C30N 

C04007  25  CD40J2  1  90  74C42N 

C 04 009  59  CO4044  1  50  74C73N 

CD4010  59  CO4046  2  5i  74C74 

CO40M  25  C  04  047  2  75  74C90H 

CO4012  25  C 04049  79  74C95N 

CD 4013  47  C04050  79  74C107H 

CD4016  56  CD4051  2  95  74CISI 

C04017  1  35  CD4053  2  95  74C1W 

CO4019  55  CD4060  3  25  740157 

CD4020  1  49  CO4066  1  75  74C160 

C  04022  1  25  ™M9  45  74C161 

CO4023  25  C04071  45  74C163 

CO4024  1  50  C040S1  45  74C1W 

CD4025  25  CD4511  2  50  74C173 

CD4027  69  C04518  2  50  74C193 


30GH 

LM301H  35 

LM301CN  35 

LM302H  75 

LM304H  1  OO 
LM305H  95 

LM307CN  35 

LW308H  1  00 
LM308CN  1  00 
LM309H  1  10 
LM309K  .99 

LM310CN  1  15 
LM311H  90 

LM311N  90 

LM31BCN  1  50 
LM319N  1  30 
LM320K-5  1.35 

LM320K-5  2  1  35 
LM320K-12  1.35 

LM320X-15  1.35 

LM320T-5  1  75 

LM320T-5  2  175 

LM320T-B  1  75 
LM320T-12  1.75 

LM320T-15  1.75 

LM320T-18  1.75 

LM320T-24  1  75 

LM323K-5  9.95 

LM324N  1  80 
LM339N  1  70 
LM340K-5  1.95 

LM340K-6  1.95 

LM340K-B  1.95 
LW340K-12  1.95 

LM340K-15  1  95 

LM340K-18  1.95 

LW340K-24  1  95 

LM340T-5  1  75 

LM340T-6  1  75 

LM34DT-B  1  75 
UM340T-12  1  75 

LM340T-15  1  75 

LM340T-18  1  75 

LM340T-24  1  75 

LM350N  1  00 
LM351CN  65 


LINEAR 


LM75450  .  49 

75451CN  .39 

75452CN  39 

75453CN  39 

754  54CN  39 

7549 1CN  79 

75492CN  .89 

754  94CN  89 

RCA  UNEAR 
CA3013  2  15 


fairchild  TECHNOLOGY  KITS  fairchild 


WIRE  WRAP  CENTER 


TECHNOLOGY 

wt  •  Complete  Specifications  on  back  of  each  kit 
•  Packaged  for  WALL  DISPLAY  APPEARANCE 
■L.  4  •  Dealer’s  Inquires  Invited  —  Price  List  Available 


DIGITS 

0.5'  High  Common  Cathode  Digii 
0  5  High  Common  Anode  Digit 
357'  High  Common  Cathode  Digit 
0.8  High  Common  Cathode  Digit 
0  8  High  Common  Anode  Digit 


F7K0010 

FTK00H 

0.8"  HIGH  DISPLAY  ARRAYS 

12  hour  3'  i  Dtgil  Clock  Display 

24  Hour  4  Digit  Cloc*  Ocplay 

700 

800 

FTK0020 

LED  LAMPS 

10  fled  LEO  .ixNVs 

1  00 

FTK0021 

5  Mixed  Colored  L!  11  Lamps 

1  00 

FTK002? 

10  LED  Mounting  In 

1  00 

FTK0023 

5  Three  Pwtf  LED  •  rill 

1  00 

FTKX30 

PHOTO  TRANSISTORS 

5  Flat  Lens  Ptwlo  Transistors 

t  00 

FTKO031 

5  Round  Lens  Pholo  Transistors 

I  00 

FTK0032 

3  flat  Lens  Pholo  Oarlingtons 

1  00 

FTK0033 

3  Round  Lens  Photo  Dailingtons 

1  00 

III 

ttt, 

9  Element  V  >l>-L5  -  Array 
'2  6  emem  Pit-  Fh>  Array 
Rf'etlrre  Gk  ■  '  1  1 

888 

COUPLERS 

-  FTKM50 

3  General  Purpose  Opto  Couplers 

1  00 

FTK0051 

Danmgion  Opto  Coupler 

1  00  1 

MOS  CLOCK  CIRCUITS 

-  FTK0400 

Digital  Clock  Calendar  Circuit 
(FCM700I) 

7  00 

FTK0401 

Oignai  Clock. Calendar  with  BCD 
Outputs  (FCM7002) 

700 

,  FTK04Q2 

Direct  Drive  Digital  Clock  Circuit 
•nth  AC  0 input  IFCM3817AI 

500 

-J  FTK0403 

Direct  Drive  Digital  Clock  Circuit 
•nth  DC  Output  (FCM38170I 

5  00 

FTWM05 

D  iect  Dnve  Digital  Clock  Calendar 
Ciicm  IFCM7015) 

6  00 

CORDLESS 

.  Z  Z  HOBBY-WRAP  TOOL-BW-630 

•  Battery  Operated  {Size  C) 

5  \  *.  »  .  Weighs  ONLY  11  Ounces 

PI  ^  •  Wraps  30  AWG  Wire  onto 

•  ^  *  |n -m  ■  ^  Standard  DIP  Sockets  (.025  inch) 

|  •  Complete  with  built-in  bit  and  sleeve 

■  ■■  iMI.i  u  fcf  --dull 


DISCRETE  LEDS 


DISPLAY  LEDS 


Red  10S1 

Green  4-St 

Yellow  4  si 

Drang*  4^1 

.065''  dls. 
MV50 

065  dia  Micro 
red  LEO 
6  SI 


POLARITY 

Common  Anode 
5  &  7  Dot  Matrix 
Common  Ca  Hi  ode 
Common  Cathode 
Common  Anode 
Common  Anode 'green 
Common  Anode  yeltow 
Common  Anode-green 
Common  Anode -rec 
Common  Anode 
Common  Caftode 
Common  Ancfle-yeuow 
Common  Caldooe-yeltow 


POLARITY 

Common  Anods-or»ig* 
Common  Cathode -orange 
Common  An  ode -fled 
Common  Anode -red  - 
Common  Cattiode 
Common  Anode 
Common  Cathode 
Common  Anode 
Common  Cathode 
Common  Cathode 
Common  Cathode 
Common  Cathode 
Common  Anode 


It  sdidehuil  —  law  pnoiAit .  ntr.  houkfte 


1-24  25-49  50*500 

S  T7  16  15  \ 


35  SOLDERTAIL  STANDARO  (TIN) 


SOLOERTAIL  STANDARD  (GOLD) 


WIRE  WRAP  SOCKETS  (GOLD)  LEVEL  #3 

24  pin 
pin 
pm 

52  40  pm 


PUSH  BUTTON  mWM 

■  PB-123  SI. 75 

A  Maintained  Action  Switch 

J  PB-126  SI. 75 

Up  Momentary  Action  Switch 


Ml  nature  toggle  switch 

i 

JMT-221 

DPDT 

on/off/on 

SI  »’ 

£ 

JMT-223 

DPDT 

on/none/on 

JMT-121 

SPDT 

on/off/on 

Si  5C 

L  J 

JMT-123 

SPDT 

on/none/on 

SI. 25 

rtl  NEW  LEO  MOUNTING  SYSTEM  —  to  be  used 

CLIPLITE  wth  XC556  LEDS  — SPECIFY  COLORS-  4/S1.00 
RED  —  GREEN  —  AMBER  —  YELLOW 


50  PCS.  RESISTOR  ASSORTMENTS  Sl.75  PER  ASST. 


10  OHM  12  OHM 
27  OHM  33  DHM 
68  OHM  82  OHM 
180  OHM  220  OHM 
470  OHM  560  OHM 
I  2K  1  5K 


15  OHM  18  OHM  22  OHM 

39  OHM  47  OHM  56  DHM 

too  Ohm  120  Ohm  iwohm 

270  OHM  330  DHM  390  OHM 

660  OHM  620  OHM  IK 
1  BK  2  2K  2  7K 


ASST.  8R  Ir.dudes  p£RiRl)cirA££Drtm«.nts1-7i3irtJ  PCS  I  $10.95  ea. 


tt  W  mt* mm  Dnjr  —  IJ  5  IwHf 

Ci'fanii  ninny'll  _  Add  6%  Sales  7u 


Swr  ■  Hl1  — 

t  Discount  AiViibir  - 


In  "I” 

-  P<4J:I!  PrlilrQ 


AVF  CAPLDS  C*  SAn7D 
PHDNE  ORDERS  WFL Cr5f.l=  —  (415)  592-8097 
All  Advertised  Prices  Good  Thro  :  h-iiv-ry 


WJRE  WRAP  KIT  —  WPt-2  W 

WRAP  •  STRIP  •  UNWRAP 

•  Tooi  for  30  AWG  Wire  TOp.  \\\\ 

•  Roll  of  50  ft.  White  30  AWG  Wire  111  V 

•  50  pcs.  each  1",  2".  3"  &  4"  lengths  —  W 

P-k- ‘ii fi'MJ  white  wire  ' 


WIRE  WRAP  TDOL  WSU-30 

^  WRAP  •  STRIP  .  UNWFAP  -SFK 


WRAP  WIRE  —  3D  AWG 

25ft.  min.  $1.25  50ft.  SI. 95  100ft.  S2.95  1000ft.  S15  00 
l~Tl  -^jl.  I  ^  —  W-lf  -  Yi|.;«  -  rlerl  -  PK' '  -  3  ILS  -  LliTK 


thumbwheel  switches 

^6VHZiTCHDNtY^  O'  -"^1 

SP  tr^S-noi.  PoK  to  *  JJ  so  "  ro“' 


Sf  17  S'HBi*r>oi*  TO*o 
S'*  »7  .. 

5F  Jl  ioeovtion  BCD 
SH  J1  _ 


______  _  semis  IB  Bt.r  Mum 

mhiii  m 


it  if  _  tna  Prut  iPuii 
S?  .  J&xr&t  nkir  <t 
5f  BB  .  Bljnfc  Boav  It* 


ACCESSOBIES 
No  *  Dncxipnon 
EC  .  End  Phitn  ip4»j 
SR  Pf  . .  Dnidt.  Puic  iMh| 
SR  8B  .  Blank  Bod»  laa^h) 
JR  Mfl  _  Hall  flod,  inch) 


Dl  P  SWITCH 


Tneieswitcrres  leaiut*  seven  SPST  $r<e  switches  -  a 
motfled  dtp  They  are  ideally  suited  tor  microprocessor 
applications  .  -  r  E 


ZENERS  — 

VOLTS  W 

3.3  400mm 

,  5.1  400m 

5.6  400m 

6  2  40ftri 

6.8  4Q0m 

8  2  400m 

.  15  400m 

5  6  500m 

6.2  500m 

6  8  500m 

7  5  500m 


50PIV  1  AMP 
100  PIV  1  AMP 
200  PIV  t  AMP 
400  PIV  1  AMP 


DIDDES  — 

PRICE  TYPE 
4  1  00  1N4005 
4  f  00  1N4006 
4-t  00  1N4007 
4  100  1N36O0 
4'1  00  1N4148 
B'l  00  1N4I54 
4  I  00  I N430S 
28  1N4734 
28  1W735 
28  IN4736 
28  1N4738 
6  1  00  1H474? 
6't  00  1N4744 
6'1  00  IN1 183 
12100  IN1 184 
12/100  1  Ml  1 85 
121100  1 M  186 
12100  IN1 188 


RECTIFIERS 

vn.n  ■■ 

600  PIV  1  AMP 
800  PIV  1  AMP 
1 000  PIV  1  AMP 
50  20On 


50  PIV  35  AMP 
100  PIV  35  AMP 
150  PIV  35  AMP 
200  PIV  35  AMP 
400  PFV  35  AMP 


SCR  AND  FW  BRIDGE  RECTIFIERS 

C36D  15A  @  400V  SCR 

C38M  35A  @  200V  SCR 

2N232B  16A@  200V  SCR 

MDA  980-1  12A@50V  FW  BRIDGE  flEC 

MDA  980-3  12A  @  200V  FW  BRIDGE  REC 


CAPACITOR 


Jn  50  VOLT  CERAMIC 
DISC  CAPACITORS 

■9  10-49  50-100 

.04  .03  00 VF 


.05  .  04  035  lyif  .12  .09 

100  VOLT  MYLAR  FILM  CAPACrTORS 
12  .10  0  7  022ml  .13  .11 

12  .10  .07  047ml  .21  17 

12  .10  .07  .»mt  .27  .23 

12  .10  .07  ,22ml  .33  .27 

+  20%  DIPPED  TANTALUMS  (SOLID)  CAPACITORS 
.26  .23  .17  1.5/35V  30  .26 

28  .23  17  2  2725V  .31  .27 

28  23  17  3  3 /25V  31  27 

2B  23  1  7  4  7 /25V  .32  28 

28  .23  17  6  8 '25V  36  31 

28  23  17  10t25V  40  .35 

28  .23  .17  15.25V  .63  50 

MINIATURE  ALUMINUM  ELECTROLYTIC  CAPACITORS 


CORNER 


AMal  Lead 

47/50V  .15  13 

1.0/50V  .16  14 

3.3/50V  15  13 

4.7/25V  16  .14 

10/25V  .15  13 


Radial  Lead 

47/25 V  15  13 

47/50V  .16  .14 

1.0716V  .15  13 

1  0/25V  .16  .14 

1.0/50V  .16  .14 

4  7/ 16V  1-.  .13 

4.7/25V  .15  .13 

4.7/50V  .16  .14 

10716V  .14  .12 
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NOW  DISTRBUTE  KNOWLEDGE 


Urn  are  happy  to  c^-frjr  chc  A  dm  se¬ 

tt**  of  books  on  niLiirDcaiipiJttrf ,  as  V.ir  ■  j  ^nii  u-jiap  i  cte 
a  treatment  of  the  aubiect  as  we’ve  seen  to  djc.fi 
AU  books  postpaid  in  the  USA;  set  of  all  chxcE  books 
available  for  only  $25.00. 

VOL  1  "An  Introduction  to  Microcomputers"  Order  book 

02001.  Gives  the  basics  of  uP  based  systems . $7.50 

VOL  2  This  recent  addition  gives  up-to-date  Informa¬ 
tion  on  microprocessors  -  equivalent  to  hundreds  of 

pages  of  data  sheets.  Order  book  03001 . $12.50 

VOL' 3  "8080  FtDfranujr  for  Laji-r  DrAipi"  #4001  17- 


Ln^ 


SUBMINI  PC  MOUNT  SLIDE  Stairs 
Center  off  SPOT.  Only  W  bv 
1"  with  pins  on  1/8"  -zvhlfci-S. 
A  VERY  GOOD  BUY . :W§2 


THE  REAL  THING  FROM  MONSANTO: 
MAH-10A  seven  segment  readout 
with  bar,  not  dot,  LEOs.  Lim¬ 
it  8  to  a  customer.  Digit 
Is  .27"  high . 95<  each 


ment  readout  X.  \f\ 

,  LEOs.  Lim-  I j 
mer .  Digit  fJW 
....95<  each  1  f'’ 


■.  T  ■-  ■! 


Multi  Meter  — 

An  outstanding  buy...  6  DC  Volt  range v 
3  DC  current,  5  AC  Volts,  2  ohms,  iniM^* 
dB  scale  too.  SO  uA  movement;  1J-U.-1W 
"off"  position  damps  meter  for 
transportation.  Includes  34  inch  teiiMy 
leads  but  less  1  AA  battery.  Smal  ■ 
a  compact  5V' x  3V  x  1S/8". 

Please  add  11  r.i:i  .  and  nanjJL! 


The  are  or  ■■■Ldry  n  ij-fc  ■  r  c-± 

ICs,  and  t  I  plrvd/iUtfi — - 

988  ONE-SHOT  similar  to  7*121 . V$1.00 

SH1A058  DUAL  *  INPUT  AND  GATE  with  open  collec¬ 
tor  or  totem  pole  output . .....7/S1.00 

C43*»7  TRIPLE  3  INPUT  NOR  GATE  house -numbered 

SP370A . 6/$1 .00 

7472  FLIP  FLOP  house  numbered . 5/51-00 

INTEL  3101-4  BIPOLAR  4*  16  RAM  super  fast, 
same  pinout  as  74SI89.  TTL,  single +5  Volt  sup¬ 
ply . $1.50  each 

75325 . ...3/52.00 

SILICON  SIGNAL/SVITCHING  li.’MLS . IWtt  a 


CIRCLE  NO.  32  ON  FREE  INFORMATION  CARD 


Same  day  shipment.  First  line  parts  only.  Factory 
tested.  Guaranteed  money  back.  Quality  ICs  and 
other  components  at  factory  prices. 

INTEGRATED  CIRCUITS  CW02S  25  74C906  ’ 


SN74LS74N  .59  LM741CH  .35 
.17  SN74LS75N  .75  LM741N  .25 

.17  5N74LS90N  1.10  LM1303N  .82 

.19  SN74LS93N  1.10  LM2902  1.50 

.17  SN74L595N  1.89  LM3900H  .55 

.63  SK74LS107N  .52  LM3909N  .69 

.17  SN74LS163N  2.05  MC1456V  .59 

,20  SN74LS258N  2.20  NE540L  3  90 
.17  UNUfl  NE550H  .55 

Kfl  ------  .  __  UFWV  41 


M  SN75451CN  39  CD-4075 

«  SN75452CN  .39  C04076 

'??  cuTtioiru  nn  minii 


.25  74C906  1  50 

3.85  740925  1  0.50 

.55  74C926  10.50 

1.70  74CT27  12.00 

«  INTERFACE 

<  35  0095  75 

<  50  8096  .75 

2  00  0097  75 

2  00  0098  .75 

62  8T09  1.25 


Quc/| 

ELECTRONICS 

JTirf  0I8PIAY  LIDS 

KUN1  U 

■OHM  MAN3  a 


SNM100JI  .90  LM320K-S 


'S  SN75491CN  .50  CD4078 

SN75492CN  .55  CO4O01 

1  35  5N75494CN  .89  CD4082 


40  M01/MEM0RY  RAM 


™  LM323K-5  6^95  A  lo  0  CONVERTER  £04508 

“ft  21N  .39  LM302K-12  1.35  B700CN  16.00  £215  0 

SmiSS  8  \S  ““  an  l 
intiiill  taa  i  s  a— » 
SBlm!  if.  1  ii  |S  |  Sill! 

SN74175N  .90  LM339  N  55  9S122S  T*2|  C04585 

SN74193N  .85  lmSok-S  1.60  MI  i'lo 

SN74285N  6.00  LM340T-5  1.50  C04010  U  H0K 

SN74298N  1.65  (.MJ40T-B  1.70  SS1S  ?  « 

7*1800  TTt  LM340T-12  1.70  £04012  25  J1£  2 

SN74LSOON  .34  <-M340T-15  1.70  CD4013  TO 

SN74LS02N  .34  LM358  N  2.40  C04014  125  '1“g 

SN74LS04N  39  LM377  4.50  CD4015  1.25  jiS* 

SN74LS08N  .39  LW79  5.00  Cwol6  M 

SN74LS10N  .39  LM380N  1.00  CW017  100  ZJS'J- 

SN74LS2W  .34  LM703H  40  C04020  1  3S  06 

SN74LS.IN  .41  LM70W  .28  CW021  i.2Q  JJr  ot 

SN74LS30N  .34  LM723N  .44  CWOT3  25  '“132 

SN74LS38N  .39  LM733N  89  CO4024  .85  74™ 


74C20 
■26  74C30 

<  25  74C48 

■6J  74C74 

°S  74C106 


'89  CD4082  45  2102-1  1.80 

ran  C04508  4  25  21070  8.00 

C04510  2.00  2  {<-<  TOO 

5'88  CD4511  2  20  2112-2  7.90 

375  CD4515  *:00  25130  10.00 

„  C04520  2.90  21L02-1  2.50 

“  CD4527  4  75  MM50S8  2.20 

.25  CD4528  1  50  MMW60  3.20 

■25  CD4583  4  50  MMiM2  w 

t-M  CD4585  2  TO  «M5130  9.75 

25  C040192  3.00  CLOCKS 

<M  74C00  .28  MM5309  3  90 

33  MM5311  3  60 

.26  MM5312  4.80 

2.10  MU5313  3.60 

.28  MM5314  3.90 

.28  MMS3I5  4.00 

2.95  WM5315  5.00 

.75  MM531B  8.95 

<  S  74C106  2,10  MM5369  2.10 

"  74C160  2.00  MM5371N  5.50 

1  ■??  74C192  2.40  MM5841  10.80 

2,75  CT700  1  5.60 


;a 

Hiihi  :  ■  1 

in»i  -mu*' 

— I-J 

J9.95 

4  digit,  7  funcilon  tup- 
wiltMImif  clicpll. 

■  new  National  MM5865 
59.00. Bo4fd  available 
lOpage  spec  only.  St.DO 
1C  SOCKETS 
Solder  Tin  Low  Prallli 
P1M  1  UP  PIN  1UP 

8  15  24  36 

14  .18  28  .43 

16  20  36  ,58 

18  27  40  .61 

22  35 

MICROPROCESSOR 
6060  with  data  19  00 
8080A  wrth  dab  23,50 
S212  4.50 

8224  0.50 

8228  8.50 

SPECIAL  PRODUCTS 
LM1812N  Ultiiionk 
TfAniwiver  7  50 
LM3909N  LED  Flwher/ 
OedlUtor  69 

LM379S  Ouil  6W 
Audio  Amplifier  5.00 
Date  Att III  Arran Jimtrrt 
Ktt.  Irulr.  Ind  10.00 


PROM 

1702A  11.50 

N82S23  3.25 

NS2S123  4.00 

N82S126  4  85 

RESISTORS 
V.  watt  5% 

10  pit  type  .05 

25  par  type  .03 

lOOperlype  025 

1000  per  type  02 

MISCELLANEOUS 
12  Voll  300  ma 
uidfloimir  1.25 

Klyar  8043  14.50 

LEDS 

Rid  roia  .is 

Gown  roia  ,20 

Orange  T018  .20 

Yfliqw  T018  .20 

Jumbo  Red  20 

Jumbo  Grwn  .25 

Jumbo  Yellow  .25 

Jumbo  Orange  .25 


MAN6W0  Dual  CC  .500  3  50 

MAN72  CA  .300  1.50 

MAN74  CC  .300  1.50 

0L7O4  CC  .300  1.25 

DL707  CA  .300  1.50 

OL727  CA  .500  2.55 

DL747  CA  600  2.25 

FMD3S9  CC  .357  .95 

FN0503  CC  .500  1.20 

FND510  CA  .500  1.20 

FN0800  CC  .800  2.75 

FND807  CA  .800  2.75 

5  digit  14  pin  display  2.50 

NSN33M  3  digit  8  pin  .39 

7520  Clalrei  phoiocens  25 

5082-7340  He*  8.75 

CRYSTALS 

1  MHa  4.50  6.5536  4.50 

2  MFU  4.50  1 .8432  4.50 

4  MHi  4.25  2.097T52  7.75 

5  UHi  4.25  2,4576  7.50 

lOMHa  4  25  3.2768  7.50 

11  MHl  3  90  5.0688  4.50 

20  MHa  3  90  5.185  4.50 

12  MHa  3.90  5.7143  4.50 

32768  Hi  4  00  18.432  4.50 

3.5795  MFU  1.50  22.1164  4.50 

TV  GAME  CHIPS 

I4M57100  6  Games  Chip) 

MM53104  Clock  Drlvtf  lt29.50 

LM1689  Modular  or  / 

3  Olglt  Untvtreal  Counter  Board 
KH  OperalM  5-18  Volt  DC  to 
5  MKetyp.  .125' LED  display  10.50 


MM5I6I  2K  RAM  90  ,50 

MM5169  Dmdn  2  10  1  40 

2102-1  500  NS  IK  RAM  UP  UP 

MM5375AA  Alarm  Clock  3  75  2  20 

FNDS03  5Cr  Display  I  20  89 

18MHj  Crystal  3  90  2  50 

P 0411-4  150  NS  4K  RAM  8  00  575 

MA1002E  .5*  Alarm  dock  Mod  9,95  7  So 

UA1013E  7"  Alarm  Clock  Mod  11.50  S.9S 

UU5309  Dock  3  90  2  70 

MM53I4  Dock 
Otkr  pans  tHo 


1977  1C  Update 
Master  Manual 

Brand  new.  Complete  1C  data 
selector  from  all  manufacturers. 
15;000  cross  references.  S30 
with  update  service  thru  1977. 
Domestic  postage  add  $2.00, 
Foreign  $6.00. 


TERMS:  $5.00  min.  orddr  U.S.  funds 
Calif,  residents  add  6%  tax. 


8K  Ram  Board  Kit 

•  Plug  compatible  with  Altalr 
BB00  and  Imsai  8080 

•  91L02APC  Low  power  500 
NS  RAMS.  Ail  parts  included 
with  full  instructions.  $250.00 

2K  EPROM  Board  Kit  $145.00 
1/0  Board  Kit  $47.50 

60  Hz  Crystal  Time 

Base  Kit  $4.75 

Converts  digital  clocks  from 

AC  line  frequency  to  crystal  time 
base.  Outstanding  accuracy. 

Kit  includes:  PC  board, 

MM5369,  crystal,  resistors, 
capacitors  and  trimmer. 

Not  a  Cheap  1 

Clock  $17.45 

Includes  everything  < 

except  case. 

2-PC  boards.  6-.50  LED 
Displays.  5314  clock  ■ 

chip  transformer,  all  ! 

components  and  full 
instructions.  5 

Frequency  Counter  Kit 

Covers  audio,  ultrasonic  and 
low  amateur  band  to  5  MHz 
typical  Dual  channel  high  sen¬ 
sitivity  ±25  millivolts.  Crystal 
controlled  clock.  Can  be  pre¬ 
scaled  for  higher  frequency. 

6*. 50”  digits.  Full  instructions. 
Less  power  supply  $40.00 

Digital  Temperature 
Meter  Kit 

Indoor  and  outdoor.  Beautiful. 
.50"  LED  readouts.  Nothing  like 
it  available.  Needs  no  additional 
parts  for  complete,  full  opera¬ 
tion.  Will  measure  extremes  of 
temperature,  air  or  liquid.  Very 
accurate.  Uses  latest  1C  tech¬ 
nology.  Easy  to  build  with  com¬ 
plete  instructions.  $39.95. 


FREE:  Send  for  your  copy  of  our  1977 
QUEST  CATALOG.  Include  13c  stamp. 


fiVLLEI 

FJ  bBlFSlH  nuLLM  fn  Tctl# 


BLTBASOIIK  SEIDEB-BEGElifEB 

A  special  buy  on  a  high  quality  ultrasonic  transducer  allows  ua  to  oHe» 
this  kit  at  a  super  price  -  but  hurry,  quantities  are  limited!  You  can 
build  intrusion  alarms,  motion  detectors,  remote  controls,  echo  ranging 
or  liquid  level  measurement  equipment.  We  supply  the  basic  transmitter 
and  receiver  electronics  including  a  drilled  and  plated  PC  board.  The  units 
work  at  23KHZ  with  a  range  of  20  ft.  and  can  be  positioned  opposite 
each  other  or  side-by-side  and  bounced  off  a  solid  surface.  The  output 
will  sink  up  to  300ma  to  drive  a  relay,  alarm  circuit,  etc. 

ORDER  US-01  $19-96 

AUTOMATIC  TIME-OUT  CIRCUIT  for  ultra¬ 
sonic  or  mechanical  switch  alarms.  Provides  a 
five  second  entry  delay.  Sounds  alarm  for  one 
minute,  then  re-arms  itself.  Requires  6-15VOC. 

$3.96 


BULLET  SUPER  STAR  PS-01  A 
Our  first  power  supply  kit  was  introduced  al-  ^ 
most  two  years  ago  and  is  still  the  most  popular. 

A  compact,  well  regulated  triple  output  power 
supply,  Gives  +SVDC  @  1.5A  and  +15  @150  i 
MA  and  -15  @  150MA.  The  PS-01  A  uses  the 
superior  78L  series  of  three  terminal  regulators. 
Complete  with  P.C.Board,  ail  components,  < 
heatsinks  and  quality  tranfonmer.  $1435  ' 

PS-OIB:  Same  as  above  but  with  £12  output  I 
instead  of  £15. 


M  MINI  GRANDPATKHE  CLOCK  KITM  39.95 

•4  WCfT  LED  READOUT  •  SIMULATED  SWINGING  PENDULUM  USES  LED’s 
TICK-TOM  SOUND  MATCHES  PENDULUM  SWING  •  ELECTRONIC  TONE 
CHIMES  THE  H0UR,(ie:  3  TIMES  FOR  3  O’CLOCK)  ■  QUALITY  C0MF0 
NEHTS  ft  P.C.  BOARDS -TRANSFORMER  INCLUDED  FOR  115 VAC  -CASE 
IS  NOT  INCLUDED- SPEAKER  SUPPLIED -ALL  CMOS  1C  CONSTRUCTION 
READOUT  CHARACTER  HEIGHT- V2"  ■  2  P.C.  80ARDS-4.5"W  X  6.5 


BUILD  A  COMPLETE  CDI  IGNITION  KIT  AT  A  FRACTION 
OF  THE  COST  OF  OTHER  UNITS.  A  special  buy  allows  us  to 
sell  the  complete  kit  at  this  low  price!  Up  to  40,000  volts  from 
your  present  ignition  without  changing  the  coil.  Simple 
connections. 

INCLUDES:  Special  toroid  transformer 
Drilled  and  Plated  board 
Complete  instructions  Uw  Q 

All  resistors  and  caps  UpP 
All  semiconductors 

.  (Does  not  include  heatsink  or  case.)  For  12V  negative  ground 


W hW  alarm  Kit  A  fiwtx ig  19  WATTS  Q<  km  wuf  thit 

np'l  bw  lywiJ,  FV+vri  fgr  tnjrylii  dirmi,  dnK«x,riir  to  nil  year  KMi 


P.0.  Box  4430C  Santa  Clara,  CA  95054 
(408)  988-1640 


CIRCLE  NO.  17  ON  FREE  INFORMATION  CARD 


NAME  BRAND  Digital /An  a  tog  Test  Equipment.  Discount 
prices.  Free  catalog.  Salen  Electronics,  Box  82,  Skokie,  Il¬ 
linois  60076. 


CUSTOM  CABINETS  of  Cedar,  Walnut,  Oak,  Pecan,  Birch, 
Pine,  make  your  minicomputer  as  beautiful  as  your  stereo. 
Individuals  and  manufacturers  welcome.  Send  your  speci¬ 
fications  and  $2.00  for  brochure  and  sample  woods.  The 
Sun  Works,  Inc.,  RR  No.  2,  Box  202,  Coffeyville,  Kansas 
67337. _ 

CANADA’S  electronics  bargain  centre.  Free  Catalogue. 
North  American  and  offshore  inquiries  welcomed.  CAN- 
MOS,  Box  1690,  Peterborough,  Canada  K9J  7S4. 


SAVE  ELECTRIC  POWER! 

9ave  up  to  80%  electrical  power  with  thla  unique, 
Inexpensive,  portable,  permanent  and  legal 
method  applicable  for  ahopa,  homes,  factories, 
businesses,  farms,  sites.  100%  Refund  Guaranteed 
If  not  scientifically  sound  or  if  it  employs  gimmicks. 
FREE  INFORMATION 

CONSUMERTRONICS  CO. 

P.O.  Box  542E  Alamogordo,  N.M.  88310 


CIRCLE  NO.  52  ON  FREE  INFORMATION  CARD 


PROFESSIONAL  UNSCRAMBLERS— use  with  any  scanner 
/monitor.  Free  information.  Capri  Electronics,  8753T  Win- 
dom,  St.  Louis,  MO  63114. 


T.V.  COMMERCIAL  KILLER.  New  solid  state  device  will 
turn  off  commercials  that  exceed  preset  level.  Plans  $2.00. 
Ken's  Electronics,  Box  23810,  Jacksonville,  Florida  32217. 


TELEPHONE  Projects,  TTL,  Dial  Intercom,  Phone  lock. 
Others.  Free  info.  S.A.S.E.  Complete  plans  $4.00.  TELE¬ 
DIGIT,  3252  Hunter,  Flagstaff,  AZ  86001. 


HYPNOTISM 


AMAZING  self-hypnosis  record  releases  fantastic  mental 
power.  Instant  results!  Free  trial.  Write:  Forum  (AA2),  333 
North  Michigan,  Chicago  60601. 


FREE  Hypnotism.  Self-Hypnosis.  Sleep  Learning  Catalog! 
Drawer  H400,  Ruidoso,  New  Mexico  38345. 


SLEEP  learning.  Hypnotic  method.  92%  effective. 
Details  frea.  ASR  Foundation,  Box  23429EG,  Fort 
Lauderdale,  Florida  33307. 

POPULAR  ELECTRONICS 


DIGIKEY  CORPORATION 

Quality  Electronic  Components 
Double-Digit  Discounts 
Save  You  Even  More 


NATIONAL  SEMICONDUCTOR  CLOCK  MODULES 


MA1002A  12  Hour  (AM-PM)  Version . $10.50 

MA1002C  24  Hour  Version . $10.50 


& 


MA1010A  12  Hour  (AM-PM)  Version  . 
MA1010C  24  Hour  Version . 


High  P'aj't 


High  UP  Pig?!; 


_ 

flSjJ* 


Special  transformer  and  6  switches, 
when  ordered  with  module  add  $3.45. 


Hobby-Wrap-30  $5.95 

Strip*,  Wrap*  and  Unwraps  30  go.  wire  on  standard  win  wrapping  pir 


%  MAT 002  &  MAT 070  Series 
~  Electronic  Clock  Modules 


The  MAI  002  &  MA1010  Senes  Electronic  Clock  Modules 
ore  assembled  and  pretested  modules  which  combine  a 
monolithic  MOS-LSI  integrated  dock  circuit,  4-digit  LED 
display,  power  supply  end  other  associated  discrete  com¬ 
ponents  on  a  single  printed  circuit  board  to  form  a  complete 
electronic  clock  movement.  The  user  need  add  only  a  trans¬ 
former  and  switches  to  construct  a  digital  clock  for  applica¬ 
tion  in  dock-radios,  olorm  or  instrument  panel  clocks.  Time¬ 
keeping  may  be  from  50  or  60  Hz  inputs  and  12  or  24  hour 
display  formats  may  be  chosen.  Direct  LED  drive  eliminates 
RF  interference.  Time  setting  is  made  easy  through  use  of 
"Fast"  and  "Slow"  scanning  controls. 


The  MA1002A  and  MA1010A  hove  a  12  hour  display  with  on 
AM  and  PM  indicator.  The  MA1002C  and  MA1010C  have  a 
24  hour  display. 

Feotures  include  olorm  "on"  and  "PM"  indicators,  "sleep" 
and  "snooze"  timers  and  variable  brightness  control  capa¬ 
bility.  The  modules  ore  extremely  compact,  the  MA1002 
measuring  1.375"  by  3.05",  the  MA1010  measuring  1.75" 
by  3.75".  This  small  size  is  achieved  by  bonding  the  I.C. 
to  the  back  of  the  circuit  board. 

It  is  highly  recommended  that  the  transformer  be  obtained 
with  the  dock  module  as  it  is  a  special  duol  secondary 
type  not  otherwise  readily  available. 


Double  Digit  Discounts  Save  You  Even  More! 


WIRE  WRAPPING  WIRE 


SLIDE  SWITCHES 
Single  Pole  Single  Throw 

.15  1.20/10  10.00/C 

Double  Pole  Double  Throw 


|  BATTERY  HOLDERS 

1- AA  . .  .  26c 

2- AA  ...  42c 

1- C _ 35c 

2- C _ 42c 

1- D - 35c 

2- D  .  .  .  .  42c 


BISHOP  GRAPHICS  Printed  Circuit  Drafting 

Aids  are  now  available  from  Digi-Key 


RADIAL  ELECTROLYTICS 


22/S0V.  .  „  12  1.00/10 
1 00/6.3  V.. 09  .75/10 
100/10V..10  .77/10 

100/16V..11  .85/10 

10O/25V  -.13  1 .10/10 
100/50V . .  21  1.71/10 
270/1 OV .  ,  13  1. 06/10 
220/1 6 V  ..  .15  1.16/10 
220/25V.  „  21  1.71/10 
220/50V.  .  29  2.35/10 
330/1 0V .  .  15  1.16/10 
330/16V .  .  21  1.66/10 


330/2 5V.  .23 
470/1  OR.  .21 
470/1 6V.  .23 
470/25V .  .  29 
1000/1 0V  .  24 
1000/1 6V.  29 
10OO/I5V  .  42 
2200/1 0V.  42 
2200/16V  .  54 
2200/25V  .  58 
3300/1 6V.  69 


INTEGRATED  CIRCUITS  -  TTL,  CMOS,  LINEAR  t  MOS 


WIRE  WRAPPING  WIRE  IN  BULK 

Red  or  Block  30  go.  Kynor 

100-52.00  500  56.50  1000' 515.00 


ENTIRE  ROCKWELL  CALCULATOR  LINE 
ON  DISCOUNT  IN  OUR  LATEST  CATALOG 


PERF  BOARD 

0.1"  spacing  between  holes 

4*4"*  6"  11.71 
4  V»"x17"  54.25 

TERMINALS 
for  cdsove  perf  boord 

SI  .50/C 

LED  LAMPS 


AXIAL  ELECTROLYTICS 


11 

.90/10 

33/25V.  . 

.  14 

1.15/10 

11 

.90/10 

1  33/50V. . 

.  19 

1.52/10 

12 

.95/10 

47/16V.  . 

.  14 

1.15/10 

12 

1,00/10 

47/25V. . 

.  17 

1.30/10 

11 

.90/10 

■  47/SOV.  . 

.21 

1.17/10 

12 

.95/10 

100/10V. 

.  14 

1.13/10 

12 

1.00/10 

100/16V. 

.  17 

1.30/10 

12 

1.00/10 

1 00/25 V . 

,  20 

1.55/10 

14 

1.15/10 

1 00/50 V . 

.  29 

2.30/10 

12 

1.00/10 

220/1 0V. 

.  18 

1.42/10 

13 

1.05/10 

220/1 6V. 

.  20 

1.55/10 

17 

1.32/10 

220/25V . 

.  29 

2.35/10 

12 

1.00/10 

220/50V . 

.  40 

3.23/10 

330/10V . 

.  14 

1. 16/10 

330/16V .  .  29  : 
330/25V .  .  32  1 
470/1 6V .  .32  : 
470/25V .  .  37  : 
1 000/1 0V  .  33  : 
1000/1 6V  .  39  ; 
1000/25V  .  56  i 

2200/1  ov .  so  : 

2200/1 6V.  62  - 
2200/25V  .  79  t 
3300/1 6V  .  95  i 
4700/1 6V  1.09  I 
10000/1 0V  1.15 


WIRE-WRAPPING  TOOL 

$5.95 

Wraps,  Unwraps  & 
Strips  30  ga.  Wire 


MOLEX  PINS 
Make  your  own  1C  sockets  on  PC  board  I  BOOKS 


S8.20/5M  275.00/50M 


SILICON  DIODES 


TTL  DATA  BOOK 


.64/10 

5.50/C 

S49M 

.66/10 

5.60/C 

551 /M 

.68/10 

5.B0/C 

S52/M 

.70/10 

5.95/C 

554 /M 

.82/10 

7.05/C 

563, 'M 

.90/10 

7.75/C 

S69/M 

.99/10 

8.60/C 

577 /M 

.40/10 

3.50/C 

S29/M 

SILICON  TRANSISTORS 

MPS918,  MPS930,  MP52222A,  MPS2369A,  MPS2712,  MPS2907A,  MPS3392, 
MPS3393,  MPS3394,  MPS339S,  MPS3563,  MPS3565,  MPS3638,  MPS3638A, 
MPS3640,  MP53641  M PS 3643.  MPS3645,  MPS3646,  2N3904,  2N3906,  2N4124, 
2N4126,  2N4401,  2^44403,  2N4410,  PN4888,  2N5067,  2N5089,  PN5129,  PN5133, 
PN5134,  PN5137,  PN5138,  PN5139,  2N5210,  PN5964  ....  16,  SI  .55/10,  113.60/100 
of  same  part  no. 

MPF102  .  36  5  30.60/C  2N5457  .  48  541. 00/C  MPSA13  .28  S24.00/C  2N3055  .99 


Doub/e  Digit  Discounts 
Save  You  Even  Morel 


RESISTOR  ASSORTMENTS 


,  WATT  ZENER  DIODES 


8  3.3v  15  511 /C 
B3.6v  15  511/C 
B  3.9v  .15  S11/C 
B4.3v  .15  511/C 
B  4,7v  .15  S11/C 
B5.lv  .15  511/C 
B5.6v  .15  511/C 
B6.0v  .15  511/C 
B6.2v  .15  511/C 
V6.8v  .15  511/C 


1H5236B  7.5v  .1 
1N5237B  B.2v  .1 
1NS238B  B.7v  ,1 
1N52398  9.1  v  ,1 
1N52408  10v  .1 
1 N 5241  B  1  Tv  .1 
1N5242B  12v  .1 
1N5243B  13v  .1 
1N5244B  14v  .1 
1N5245B  15v  .1 


%  &  %  WATT  5% 
CARBON  FILM  RESISTORS 

5c  each  bi  muftiplei  of  5  per  volua 
11.70/100  1  $12.00/1000  of  name  value 


1  ohm  thru  1.0  megohm 


I.C.  SOCKETS 

8  Pin  Solder 

.17 

1.60/10 

14  Pin  Solder  .20 

1.90/10 

16  Pin  Solder  .22 

2.10/10 

18  Pin  Solder  .29 

2.75/10 

24  Pin  Solder 

.38 

3.60/10 

2B  Pin  Solder  .45 

4.25/10 

40  Pin  Solder  .63 

6.00/10 

8  Pin  W-W 

.24 

2.30/10 

14  Pin  W-W 

.26 

2,50/10 

16  Pin  W-W 

.30 

2,85/10 

10  Pin  W-W 

60 

5.70/10 

24  Pin  W-W 

.96 

9.10/10 

28  Pin  W-W 

1  1? 

10.00/10 

40  Pin  W-W 

.92 

8.75/10 

HARDWARE 

2-56  1/4  Screw  .99/C  7.20/M 
2-56  1/2  Screw  .99/C  7.65/M 
4-40  1/4  Screw  ,55/C  3.60/M 
4-40  1/2  Screw  ,60/C  4.05/M 
6-32  1/4  Screw  .65/C  4.40/M 
6-32  1/2  Screw  .75/C  4.85/M 
B-32  3/8  Screw  ,90/C  5.85/M 
8-32  5/8  Screw  .99/C  7.00/M 
2-56  Hex  Hut  ,55/C  3.60/M 
440  Hex  Hut  ,55/C  3.75/M 
6-32  Hex  Hut  ,60/C  4.00/M 
8-32  Hex  Hut  ,60/C  4.15/M 
No.  2  Lockwasher  ,85/C  5.75/M 
No.  4  Lockwosher  .45/C  3.00/M 
No.  6  Lockwasher  .45/C  3.00/M 
No.  8  Lockwosher  .45/C  3.00/M 


DOUBLE-DIGIT  DISCOUNT  SCHEDULE 


S  0.00-S24.99  KCT  S100.00-S499.99  Uu  1S\ 

S500.00-S999.99  l»ti 

S7S.99-S99.99  Leu  10%  J1000.00  &  Up  leu  Z% 

Than  Add  tha  Standard  Charga  BaSovr 

STANDARD  SHIPP1HG/HAHDLINC  CHARGE 


S  0.00-S  4.99  ,  .  odd  S2.0Q  S  50.00- S99.99  odd  S0.2S 
S  5.0O-SI4.99  .  .  odd  S0.75  SI 00.00  l  up  .  .  Ho  Ctarp* 
Sl5.CO-S49.99  . .  aid  SO. SO 

toJwfai  AlppUq  gad  hwim  t»  USA  (  Mi 


COD  ORDERS  ACCEPTED  FOR  SAME  DAY 
SHIPMENT  -  CALL  218-661-6674 


AMAZING  &  HARD-TO-FIND  SCIENCE  BUYS  ! 

ALTERNATE  ENERGY  •  SPACE  AGE  ■  HOBBIES  i 


NEW  WIDE  FIELD  TELESCOPE 

Enjoy  clearest,  brightest,  most  jRjSa 

spectacular  wide  angle  views  of 

stars,  moon,  comets  with  our 

unique  easy-to-use  portable  jUTTswi^M 

4%  ,  t/4  Newtonian  reflector. 

Only  17",  10  lb.!  Take  it  anywhere.  VBBHf 
No.  2001 AV  $149.95  Ppd. 

There  is  no  other  telescope  like  It. 


SAVE  50% !  8  x  20  MONOCULAR 

Top  quality  Spy  Scope,  a  $30 

value,  now  $14.95!  Special  pur-  _ 

chase  saves  you  50%.  100% 

coated  optics;  393  ft.  field  of  ^ 

view.  Only  2  oz. — stores  in 

pocket,  purse,  glove  box.  if 

No.  1 568 A V...S1 4.95  Ppd.  w  _ 


NASA-CHOSEN  FOR  APOLLO/SOYUZ 

The  Astronauts  used  this  supei  l  BJ. 

20X60  binocular  (modified)  to  \ 

view  Earth!  Big  60  mm  objective  ■HX||H 

lenses;  173-ft.  field  of  view  at  • 

1000  yds.  Relative  brightness,  ,t 

9.0.  Fully  coated  optics,  more!  fo- 

(9%xBW;  47.5  oz)  ^  W9' 


GIANT  MAGNET,  LITTLE  PRICE! 

Tie  a  line  to  our  over-150  Ib.-lift  j* 

ceramic  magnet  and  haul  up  '  > 

treasure  from  the  sea.  4  ceramic 

magnets,  in  series,  between 

steel  dates  A  1-lb,  “giant"!  \ 

No.  42,318AV.$1 1 .95  Ppd.  wBK****^ 


BUILD  A  WORKING 
STEAM  ENGINE 

Exact  6x8  W  hi  replica  of  Single 
Acting  Engine  can  power  erector 
set  assemblies,  runs  on  tap  wa¬ 
ter;  you  control  speed,  make 
whistle  blow.  Adult  supervision. 
35  parts. 

No-  72,202AV.$27,50  Ppd. 


SUPER  POWER  FOR  ANY  AM  RADIO 

Antenna  assist  has  pulled  in  ^BB^. 

stations  1000  miles  off!  No. 
wires,  clips,  grounding.  Solid 
state — no  elec.,  batts. ,  tubes. 

No.  72.095AV  $19.95  Ppd. 

ULTRA  SELECT  -  A-TE  N  N A 


GIANT  FRE£  I 

164  PG.  CATALOG 


|  COMPLETE  AND  MAIL  COUPON  NOW 

J  EDMUNt 

I 

SC1ENT 

Ban  kAwe  memo 

FIC  CO.  300  Edscorp  Bldg.,  Barrington,  N.  J.  08007  . 

Send  me  the  following;  1 

Stock  No.  Quantity  Price  Ea.  | 

1 4500  UNUSUAL  BARGAINS  | 
FOR  HOBBYISTS, 
^.SCHOOLS,  INDUSTRY 


EDMUND  SCIENTIFIC  CO. 

9  300  Edscorp  Bldg. 
Barrington  N.J.  08007 

America’s  Greatest 
Science  •  Optics  •  Hobby  Center 
(609)  547-3488 


TREASURE  FINDERS 


SEND  FREE 

164  PG  CATALDG  AV  ‘ 

Charge  my  □  American  Exp. 

C  BankAmericard  Master  Chg 

Interbank  No _ 

Card  No _ 

I  Expiration  Date _ 

30-0AY  MONEY-BACK  GUAR- 

IANTEE.  You  must  be  satis¬ 
fied  or  return  any  purchase 
30  days  for  full  refund. 


Add  handling  charge  $_ 

Enclosed  is _ check, 

_ M.O.  in  amount  of 

Signature - 

Address _ 

City,  State,  Zip. - 


HELPING  TO  DEVELOP  AMERICA’S  TECHNOLOGY  FOR  OVER  30  YEARS. 

CIRCLE  NO.  24  ON  FREE  INFORMATION  CARD 


TREASURE  may  lie  beneath  your  feet!  Discover  gold, 
silver,  coins,  rings,  artifacts  and  more  with  world-famous, 
deeper-detecting  White's  metal  detectors.  From  $79.50. 
Dealers  world-wide.  Free  literature!  White's  Electronics, 
Dept.  PD7-C,  1011  Pleasant  Valley  Rd.,  Sweet  Home,  OR 
97386. 


WANTED 

GOLD,  Silver,  Platinum,  Mercury  wanted.  Highest  prices 
paid  by  refinery.  Ores  assayed.  Free  circular.  Mercury 
Terminal,  Norwood,  MA  02062. 

WANTED  information  to  build  holograms.  19  Chippewa, 
Royal  Oak,  Mich.  48073. 


CLASSIFIED  ADVERTISING  ORDER  FORM 

Please  refer  to  heading  on  first  page  of  this  section  for  complete  data  concerning  terms,  frequency  discounts,  closing  dates,  etc. 


31  32  33  34  35 

WORD  COUNT:  15  WORD  MINIMUM.  Include  name  and  address.  Name  of  city  (Des  Moines)  or  of  state  (New  York)  counts  as  one  word  each.  Zip 
Code  numbers  not  counted.  (Publisher  reserves  right  to  omit  Zip  Code  if  space  does  not  permit)  Count  each  abbreviation,  initial,  single  figure  or 
group  of  figures  or  letters  as  a  word.  Symbols  such  as  35mm,  COD,  P0,  AC,  etc.,  count  as  one  word.  Hyphenated  words  count  as  two  words.  Tele¬ 
phone  numbers  count  as  one  word.  _ 

_ Words  $2.25  (Commercial  Rate)  $1.35  (Reader  Rate)  ^ 

□  Payment  of  $  _ enclosed  for _ insertion(s). 

CHARGE:  □  American  Express  □  BankAmericard  □  Master  Charge  □  nirwc  n^.h 

for _ insertion(s).  You  will  be  billed  monthly. 

Account  # - „ - - -  Expiration  Date _ 


Master  Charge  Interbank  #  (4  digits  above  name) 
SIGNATURE  MUST  BE  PROVIDED  BELOW 

PRINT  NAME  _ 

ADDRESS  _ 

CITY  _  STATE  __ 


FREE  KIT  Catalog  contains  Test  and  Experimen¬ 
ter's  Equipment  Dage  Scientific  Instruments, 
Box  1054P,  Livermore,  CA  94550. _ 


TIGER  SST 
__  SIMPLl-KIT 


i— ^  THE  DO-IT-YOURSELFER 
NOW!  a  high  quality  CD  Electronic 
Ignition  System  in  kit  form. 

Contains  all  components  and  solder  to 
build  complete  Solid-State  Electronic 
CD  Ignition  System  for  your  car.  As¬ 
sembly  requires  less  than  3  hours. 

•  Increases  MPG  15%  •  Eliminates  4  of  5  tune-ups 

•  Increases  horsepower  15%  •  Instant  starting,  any 

•Plugs  and  Points  last  weather 

50,000  miles  •Dual  system  switch 

Fits  only  12  volt  neg.  ground  .  .  ,  Only  $21 .95  postpaid 
— *  In- Star  Corporation  ™  .  ■  —  — 

P.O.  Box  1727  Grand  Junction,  Colorado  81501 

FIVE  OCTAVE  Touch  Sensitive  Electronic  PIANO  KIT. 
Components  $229  airmail  U.S.A.,  Canada.  Clef  Products, 
31,  Mountfield  Road,  Bramhall,  Cheshire,  England  SK7 
ILY.  _ 

TAPE-SLIDE  Synchronizer,  lap-dissolve,  multiprojector, 
audiovisual  plans,  $8.50.  Sampler,  $1.00.  Millers,  1896  May- 

wood,  S.  Euclid,  OH  44121. _ 

TESLA  COIL — 40”  SPARKS!  Plans  $7.50.  Information  75 
cents.  Huntington  Electronics,  Box  2009-P,  Huntington, 
Conn.  06484. 

HIGH  FIDELITY 


DIAMOND  NEEDLES  and  Stereo  Cartridges  at  Discount 
prices  for  Shure,  Pickering,  Stanton,  Empire,  Grado  and 
ADC.  Send  for  free  catalog.  LYLE  CARTRIDGES,  Dept.  P, 
Box  69.  Kensington  Station,  Brooklyn,  New  York  11218. 


SAVE  50%  build  your  own  speaker  system  write:  McGee 
Radio  Electronics,  1901  McGee  Street,  Kansas  City,  Mis¬ 
souri  64108. 


BURGLAR  ALARMS 


DIALING  UNIT  automatically  calls  police.  $29.95.  Free  se¬ 
curity  equipment  catalog.  S&S  Systems,  5619-C  St.  John, 
Kansas  City,  MO  64123.  (816  )  483-4612. 

ELECTRONIC  Smoke  Detectors,  home  and  auto  burglar 
alarms.  Catalogue  $1,00  refundable,  EMS,  5709  Tomahawk 
Trail,  Durham.  NC  27704. 

TUBES 


RADIO  &  T.V.  Tubes — 36  cents  each.  Send  for  free 
Catalog.  Cornell,  4213  University,  San  Diego,  Calif.  92105. 
TUBES  receiving,  factory  boxed,  low  prices,  free  price  list. 
Transleteronic,  Inc.,  1365  39th  Street,  Brooklyn,  N.Y. 

11 21  BA,  Telephone:  212-633-2800. _ 

TUBES:  "Oldies”,  Latest.  Supplies,  components,  sche¬ 
matics.  Catalog  Free  (stamp  appreciated).  Steinmetz,  7519- 
PE  Maplewood,  Hammond,  Incf.  46324. 

PERSONALS 

MAKE  FRIENDS  WORLDWIDE  through  international 
correspondence.  Illustrated  brochure  free.  Hermes-Verlag, 

Box  110660/Z,  D-IOOO  Berlin  11,  Germany. _ 

WARTS.  Vergo®  Cream  is  painless,  safe,  easy,  gentle.  Buy 
Vergo®  at  better  pharmacies. 

POPULAR  ELECTRONICS 


6  Digit  LED  Clock  Kit  - 12/24  hr. 


$Q9S  QTY.12 

w  ea. 


OR  MORE 


$1095  QTY. 
luea.  6-11 


$1195  OTY. 

*  ■  oa  1-*; 


KITINPI  6-LED  Readouts(FND-359  Red,  com.  cathode) 

MlinLLUUCa  1-MM5314  Clock  Chip  {24  pin)  ... 

•  INSTRUCTIONS  13-Transistors  .  Aprc  A  fllfllTC 

•QUALITY  COMPON ENTS  3-Switches  LARGE  ■*¥  UIUI  I  O 

L  nDCDj  Tinu  b  6-Capacitors  ORDER  KIT  #850-4 

•50  or60  Hz  OPERATION  5  - Diodes  akj  iMPocnioi  c  \ /  a i  i i c i 

•  12  nr  24  MR  OPERATION  9-Resistors  AN  INCREDIBLE  VALUE! 

•  1  2  or  24  HR  OPERATION  24-Molex  pins  for  1C  socket 

“Kit  #850-4  will  furnish  a  complete  set  of  clock  components  as  listed. 
The  only  additional  items  required  are  a  7-1 2  VAC  transformer,  a  circuit 
board  and  a  cabinet,  if  desired.” 

Printed  Circuit  Board  for  kit  ft  850-4  {etched  &  drilled  fiberglass) . $2.95 

Mini- Brite  Red  LED's  {for  colon  in  clock  display)  pkg.  of  5 . . . .  1.00 

Molded  Plug  Transformer  115/10  VAC  (with  cord) .  2.50 

NOTE:  Entire  Clock  may  be  assembled  on  one  PC  Board  or  Board  may  be  cut  to  remote  display, 
it  ft  850-4  will  fit  Plexiglas  Cabinet  II. 


6  Digit-LED  Clock-Calendar-Alarm  Kit 


This  is  a  complete,  top  of  the  line,  Kit  tor  the  person  that  wants  the 
best.  Some  of  the  many  features  and  options  are:  12/24  time, 
28-30-31  day  calendar,  alternates  time  (8  sec)  and  date  (2  sec)  or  can 
display  time  only  and  date  on  demand,  24  hr  alarm  -  10  minute 
snooze,  alarm  set  indicator,  50/60  HZ.  lineoperation  or  use  with  Xtal 
time  base(#TB-1),  built  in  OSC  for  battery  back-up  /  AC  failure,  Aux 
timer,  CHOICE  OF  DIGITS. 

Kit  #7001 B  6  -  .4”  Digits  $39.95 

Kit  #70010  4  -  .6”  Digits  &  2-.”  [Seconds]  $42.95 

Kit  #7001 X  6  -  .6”  Digits  $45.95 

Kits  are  complete  (less  cabinet)  including  PC  boards,  power  supply, 

1C  socket,  9  switches,  16  transistors  and  all  parts  required  for  above 
features  and  options  [All  #7001  Kits  Will  Fit  Cabinet  !] 


PRINTED  CIRCUIT  BOARDSfor  CT-7001  Kits  sold 
separately  with  assembly  info.  PC  Boards  are  drilled 
Fiberglass,  solder  plated  and  screened  with  component 
layout.  Specify  for  07OO1B  or  7001C  (Set  of  2)  $7.95 


JUMBO  DIGIT  CLOCK  KIT 

A  complete  Kit  (less  Cabinet)  featuring:  six  .5"  digits, 
MM5314  1C,  12/24  Hr.  time,  50/60  HZ.,  Plug-Transformer, 
Line  Cord,  Switches,  and  all  Parts. 

[Ideal  Fit  in  Cabinet  II]  *1995  2/*38. 


MOBILE  LED  CLOCK 

120R  24-HOUR  OPERATION 
12  VOLT  AC  or  DC  POWERED  FOR  FIXED 
OR  MOBILE  OPERATION. 

SIX  LARGE  ,4"  DIGITS! 

KIT  OR  -  -  -  ---  MODEL 

ASSEMBLED^:  ^  2001 


ACCURATE  TIME 
WITH  ADJUSTABLE 
XTAL  TIME  BASE 


20351 


Approx.  Size:  battery  back  up 

1%  Hx4  Wx4V2  D  or  transporting 

FROM  HOUSE  TO  CAR.  ETC. 

•  6  JUMBO  .4“  RED  LED'S  BEHIND  RED  FILTER  LENS  WITH  CHROME  RIM. 

•  SET  TIME  FROM  FRONT  VIA  HIDDEN  SWITCHES  •  12/24- Hr.  TIME  FORMAT 

•  STYLISH  CHARCOAL  GRAY  CASE  OF  MOLDED  HIGH  TEMP.  PLASTIC 

•  BRIDGE  POWER  INPUT  CIRCUITRY  -  TWO  WIRE  NO  POLARITY  HOOK-UP 

•  OPTIONAL  CONNECTION  TO  BLANK  DISPLAY  (Usa  Whan  Key  OH  in  Car,  Etc.) 

•  TOP  QUALITY  PC  BOARDS  &  COMPONENTS  -  EXCELLENT  INSTRUCTIONS 

•  MOUNTING  BRACKET  INCLUDED 

cotm"l2“e  kit  29!?  3  $2798  $2B0 

I  Less  9  V  Baitery)  EA  MORE  EA  tfAC-l  ■  EA 


(Less  9V  Battery] 

ASSEMBLED  UNITS  WIRED  b  TESTED 
OROER  *2001  WT  (LESS  9V  BATTERY! 


115  VAC  JLOKSI 
Power  Pick  32®® 

#  AC-1  T  EA 


60096  3  °n  4079B  AssembJed  Units  j 

MORE  Vw/ea  May  Be  Mixed  With 
Kits  lor  Qty.  Price  I 


$19.95  ea. 

r>  NS8080AD 


vr  NS8080AD 
Micro  Processor  Chi 
Prime  National  LSI 


40  Pin  socket  -------  -«■ 

$.50  with  each  8080 A! 


^JUMBO  RED  LED's  12/$1.00  5Q/$3.95 


450ns  MEMORY 
Fairchild  1  K  Ram 
low,  low,  low  power. 

2 102  LI  PC  $1.95ea. 
25-99  $1.75  ea. 

100-199  $1.60  ea. 

200  or  more  $1.45  ea.  j 


JUMBO  DIGIT  CONVERSION  KIT 


SCHOTTKY 

TTL 

74500  $  .35 

74501  .40 

74S04  .55 

74S06  60 

74509  .55 

74510  40 

74S20  50 

74S22  .45 

74S40  45 

74550  45 

74551  55 

74S60  .85 

74S64  .56 


DTL 

930  $.09 

932  .09 

937  09 

LED  DRIVERS 

7447  $  .95 

7448  .95 

75491  .66 

75492  .66 

VOLTAGE 

REGULATORS 


85  LM309H  TO-5  $  95 
56  LM  309  K  TO-3  1  25 


Convert  small  digit  LED  clock  to  large  .5"  displays. Kit 
includes  6-. 5”  LED’s, Multiplex  PC  Board  &  easy  hook-up  into. 

Kit#JD-1CC  Forcommon  Cathode  $Q95  0/4  IQ 

Kit N J0-1 CA  Forcommon  Anode  a  ea.  t/  IS. 


85  7B05  TA8  -95 

1.75  7812  TAB  1.25 

.50  7815  TO  3  1.25 

.95  7815  TA8  125 

.95  78L  15  TO-5  75 

95  LM340T-18TAB  1-25 


SEETHE  WORKS  Clock  Kit 
Clear  Plexiglas  Stand 


•6Big  .4” digits 

•  12or  24  hr.  time 

•3 set  switchesiback: 

•  Plug  transformer 
•3!l_parts  included 
Fie*tg!as<s 
Pre-cur  4  drilled 
Size  -  6"K.WW  3  0 

A  SUPER  LOOKING 
CLOCK J 


.  ■  '% 

l|  23  MS  DBIj 


VI--* 


Kit  *850 •«'> 


*23“  m 5. 


m  7-SEG  LEO 

*  COMMON 

CATHODE 

COLOR 

HT.DEC  PT.  PR  EA 

FND-359  RED 

.4"  RHDP 

$  .95 

FND-503  RED 

.5"  RHDP 

$1.35 

DL-750  RED 

.6"  LHDP 

$1.95 

XAN-654  GREEN 

.6''  NDP 

$1.95 

XAN-664  RED 

.6”  NDP 

$1.95 

COMMON  ANODE 

DL-747  RED 

.6"  LHDP 

$1.95 

MAN-72  RED 

.3"  LHDP 

$1.25 

XAN-81  YELLOW 

.3”  RHDP 

$1.75 

XAN-351  GREEN 

.3"  RHDP 

$1.50 

XAN-361  RED 

.3"  RHDP 

$1.50 

XAN-362  RED 

.3”  LHDP 

$1.50 

XAN-662  RED 

.6"  NDP 

$1.95 

X AN -692  RED 

.6"  NDP 

$1.95 

Form  Inexpensive 

MOLEX 

Sockets  PINS 

100  for  $1 .25 

Reel  of  1 000  -  $8.50 

Fairchild  Super  Digit 
FND-359 

A"  Chir.  Ht 

|K  7  segment  LEO 
RED  Com.  Cath. 
I^^K  Direct  pin 

replacement  for 
popular  FNO-70 

95^  ea,  10/S8.50 
100/S79.00 


SET  OF  6  FND-359 

WITH  MULTIPLEX 
PC  BOARD  $6.95 


$1.95  ea. 
3/$5.00 

1O0PIV 


1.50  7815 

.95  7815 


74S113  1.40  j  LM340T  24TAB  1-2! 


74S133  75 

74S134  75  723  T0~5 

74S138  175 

74S139  1  50  DIGITAL 

74S151  1.95  CLOCK  IC’S 

74S163  1.95  MM  5312 

74S155  1.95  MM  5314 

74S156  1  95  MM  5375  AB 

74S157  1.80  CT-7001 

74S158  2.50  CT  7002 
74S174  2.50  5038O 

74S175  250  MM5369 

74S181  2.95  yy  .  I 

74S182  1.95  XTAL 

74S251  2.75  3.579545  MHi 


11C90DC  $15.95 

95H90  995 

DIODES 

IN  4002  1  A,  100  PIV  12/11.00 

IN  4005  1  A,  600  PIV  11/$1.00 

IN  4007  1  A,  1000  PIV  10/$1.00 

RECTIFIER  2.5A,  1000  PIV  4/$1.00 
IN  914  SIL.  SIGNAL  20/$1.00 

IN  4148  I1N914  Equiv.)  20/$1 .00 

OYAC  28V.  4/$1.00 

PLUG  TRANSFORMERS 

12V AC  at  1 50  MA  S2.50 

12V AC  at  500  MA  3.50 

7  VAC  at  1.75V A  2.50 

LINEAR 

555  TIMER  2/11.00 

556  DUAL  TIMER  .95 

565  PLL  ,95 

566  FUNCTION  GEN.  1.75 

567  TONE  DECODER  1.75 


MM  5369  2.50 

XTAL 

3.579545  MHZ.  $  1  95 


1C  SOCKETS 

PINS 

1-24 

25 

100 

8 

$  25 

$  22 

$  .20 

14 

.25 

.22 

.20 

16 

.28 

.25 

.23 

18 

.31 

.28 

26 

24 

.50 

.45 

40 

28 

.60 

.55 

50 

40 

.75 

.70 

.65 

COMPUTER 

8030A 

CPU 

19.9b 

no:/ 

E  Prom 

8.95 

5203 

E  Prom 

8.95 

21021  1  PC 

1  K  R.im 

1 .95 

•  EXAR 

XR  2556  $  1.75 

XR  2567  »  1.95 

TRANSISTORS 

2N2222  TO-18  5, 'SI. 00 

2N2554  TO-5  2/S1.00 

2N2712  TO-98  5/SI.  00 

2N3415  TO-92  5/SI  00 

2N3704  jo-92  5/SI  00 

2N4400  TO-92  5/SI.  00 

2N4125  TO-92  5/SI.  00 

2N4249  TO-92  5/S1.00 

2N4437  TO-92  5'S1.00 

2N6027  PUT  2/SI. 00 

2N5457  N  J-Fet  2/SI. 00 

SWITCHES 

ROCKER  SPDT  6/$1. 
MINI-SLIDE  SPOT  5/SI. 
REG.  SLIDE  DPDT  6/SI. 
PUSH  BUTTON  N.0.3/S1. 
MINI  TOGGLE  SPDT  $1.30 

MINI  TOGGLE  DPDT  1.50 

TRANSISTOR  SOCKET 
TO-5/ 1 8  GOLD  PINS 
5/S1.00 

NYLON  WIRE  TIES 

8"  TIE-WRAP  100/S 1 .95 
4“  TIE- WRAP  100/91 ,75 

MOLEX  PINS 


OP  AMPS 

3/$1,00 
301  TO-5 
709  DIP 
709  TO  5 
741  DIP 
741  M-OIP 
741  TO-5 

747  DIP 

748  DIP 

DISCRETE 

LED’s 

JUMBORED 


PC  TRIM 
POTS 


25K  6/ $1.00 

4.7K  6/91.00 


SPECTR0L 
tOK  10  TURN 


REEL  OF  1000  $  8.50 
STRIP  OF  100  V25 

MISC.  PRIME  IC’s 

FAIRCHILD  9316  (74161)  $  95 

75234  DUAL  CORE  SENSE  AMP  1.50 
MM  502H  TO-5  SHIFT  REG  .95 


60  HZ. 

XTAL  TIME  BASE  KIT 

Will  enable  Digital  Clock  or 


TELEPHONE  FORMAT!  Clock-Cal.  Kits  to  operate 


PLEXIGLAS  CABINETS 


KEYBOARD 

BY  Chomencs 

2-1  /4"x3” 
5/32 


from  12VDC.  Uses  MM5369 
and  3.58MHZ.  XTAL.  Req. 
5-15VDC/2.5  MA.  1"x2"  PC 
Board.  Easy  3  wire  hookup 
Accuracy:  +  -  2  PPM 

#TB-1  [adjustable] 
Completekit  $4.95 ea 
Wired  &  Cal.  $9.95ea 


Visit  Our  Store 

at  823  S.  21st.  Avenue,  Hollywood,  FI. 


Black,  White  or  Clear  Cover 

Great  for  Clocks 

orany  LED  Digital  ^  - —  CABIf 

project.  Clear-Red  |w.  u  6' 

Chassis  serves  as 

Bezel  to  increase  )  SYt" 

contrast  of  digital  S  on  Dim 

displays.  uAdINI 


CABINET  I 

3"  H,  6%-  W. 
5%  D 

CABINET  II 


$6.50  ea.  2/$12.TlorE/  ^  H-5’W.4'D 


VnilBIlHIICS.  ac. 

BOX  219  •  HOLLYWOOD,  FLA.  33022  •  (305)  921  2056 


ORDER  BY  PHONE  OR  MAIL 
COD  ORDERS  WELCOME 
{$1.00  CHG.l 

Orders  Under  $15  Add  $1.00 
Handling 

Fli.  Res.  Please  Add  4% 
Sales  Tax. 


WE  PAY  ALL  SHIPPING  IN 


INSTRUCTION 


LEARN  ELECTRONIC  ORGAN  SERVICING  at  home  alt 
makes  including  transistor.  Experimental  kit— trouble¬ 
shooting.  Accredited  NHSC,  Free  Booklet.  NILES  BRYANT 
SCHOOL,  3631  Stockton,  Dept.  A,  Sacramento,  Calif. 

95820. _ 

EARN  ELECTRONICS  DEGREE  by  correspondence.  Free 
information  bulletin.  Grantham,  2000  Stoner  Avenue,  Los 

Angeles,  California  90025, _ 

LEARN  BASIC  Digital  Troubleshooting  by  corres¬ 
pondence.  Course  includes  text  and  demonstration  mod¬ 
ules,  Educational  Technologies,  Box  224,  Reynoldsburg, 

Ohio  43068. _ 

FCC  EXAMINATIONS:  Complete  First,  Second,  Third 
Questions-Answers.  Proven  '‘topical"  study  method  in¬ 
cluded.  $8.00.  "Guaranteed  Exams",  Box  5516-AB,  Walnut 

Creek,  CA  94596. _ 

BREAK  INTO  TV/RADIO  Broadcasting,  Disc  Recording 
career.  Expert  reveals  secret  avoiding  disappointment, 
wasted  time/money.  Free  information.  Box  921,  Beverly 
Hills.  Calif.  90213. 


EXAM 

MANUAL 


PASS  FCC  EXAMS!  Memorize,  study  —  "Test- 
Answers”  for  FCC  1st  and  2nd  class  Radio-Tele¬ 
phone  licenses.  Newly  revised  multiple-choice  / 
questions  and  diagrams  cover  all  areas  tested  in  / 
FCC  exams  plus  ,TSelf  Sludy  Ability  Test."  59.95 / 
postpaid.  Moneybtck  Guarantee.  / 


I  COMMAND  PRODUCTIONS  P.O.  BOX  26348-P 

aiOiS  mcmiiant  •ifilioa  SAN  WANCISCO,  CALIf.  94126 


SCORE  high  on  F.C.C.  Exams. .  .Over  300  questions  and 
answers.  Covers  3rd,  2nd,  1st  and  even  Radar.  Third  and 
Second  Test,  $14.50;  First  Class  Test,  $15.00.  All  tests, 

$26.50.  R.E.I.,  Inc.,  Box  806,  Sarasota,  Fla.  33577. _ 

UNIVERSITY  DEGREES  BY  MAfL!  Bachelors,  Masters, 
Ph.D's.  Free  revealing  details.  Counseling,  Box  317-PE02, 

Tustin,  California  92660, _ 

SELF-STUDY  CB  RADIO  REPAIR  COURSE.  THERE’S 
MONEY  TO  BE  MADE  REPAIRING  CB  RADIOS.  This  easy- 
to-learn  course  can  prepare  you  for  a  career  in  electronics 
enabling  you  to  earn  as  much  as  $16.00  an  hour  in  your 
spare  time.  For  more  information  write:  CB  RADIO  REPAIR 
COURSE,  Dept.  PE027,  531  N.  Ann  Arbor,  Oklahoma  City, 
Okla.  73127. 


LEARN  WHILE  ASLEEP!  HYPNOTIZE!  Astonishing  details, 
strange  catalog  free!  Autosuggestion,  Box  24-ZD,  Olympia, 

Washington  98507. _ _ _ _ 

GRANTHAM'S  FCC  LICENSE  STUDY  GUIDE  —  377  pages, 
1465  questions  with  answersAJtscussions  —  covering  third, 
second,  first  radiotelephone  examinations.  $10.70  post- 
paid.  GSE,  2000  Stoner,  Los  Angeles,  California  90025. 
INTENSIVE  5  week  course  for  Broadcast  Engineers.  FCC 
First  Class  license.  Student  rooms  at  the  school.  Radio 
Engineering  Inc.,  61  N.  Pineapple  Ave.,  Sarasota,  FL  33577 
and  2402  Tidewater  Trail,  Fredericksburg,  VA  22401. 
FREE  Educational  Electronics  Catalog.  Home  study 
courses.  Write  to:  Edukits  Workshop,  Department  721 D. 

Hewlett,  N.Y,  11557. _ 

PRACTICAL  Electronic  training.  FCC  license.  Free  home 
study  catalog.  Genn  Tech.,  5540  Hollywood  Blvd.,  Los 
Angeles,  CA  90028.  Or,  Ra-Tel  Electronics,  P.O.  Box  167, 
“P"  Toronto,  Ont.p  Canada.  U.S.  Inquiries. 

BROADCAST  STATION— FM  or  CABLE;  Start  your  own, 
become  a  DJ,  get  free  tapes-records!  Free  details,  "Broad- 

casting,"  Box  5516-AB,  Walnut  Creek,  CA  94596. _ 

DRAFTING— Blueprint  Reading,  Mechanical,  Electronic, 
Architectural  home  courses  $25.00.  Send  $2.00  first  lesson. 
Prior  Inc.,  23-09  169th  Street,  Whitestone,  New  York  City 


ItTr.  OFF  WITH  S2S  ORDER 
15%  OFF  WITH  $100  ORDER 

THESE  DISCOUNTS  APPLY  TO  TOTAL 
DI  tin  nr*  _  hi'ir  -  -h  |  v  inr  |i  ii|rj 


74153  .69 

74154  1.20 

74155  .97  I 

74156  .97 

74157  .99 

74158  1.79 

74160  1.23 

7416t  .97 


74164  .99 

74165  .99 

74166  1.25 

74170  2.10 

74173  1.49 

74174  1.23 

74175  .97 

74176  .89 

74171  .B4 

74180  m 

74181  Ml 


.29  7495 

.20  74% 

.23  74100 

.25  74105 

.25  74107 

.15  74121 

.89  74122 

.59  74123 

.73  74125 

.73  74126 

.73  74132 

.81  74141 

.79  74145 

.79  -  74150 

.17  74 151 


74182  J4 

74184  \m 

74185  LB 
74187 

74190  1  *5 

74191  •*  Jk 

74192 

74193 

74194  »  1* 

74195  -rt 

74916  1  □ 

74197  t S 

74198 

74199  Ui 

74200 


LINEAR  CinCLflYl 

300  Pos  V  Reg  (super  723)  TO-5  S  .71 

301  Hi  Perl  Op  Amp  mDIP  TO-5  .29 

302  Volt  follower  TO-5  .53 

304  Neg  V  Reg  TO-5  .80 

305  Pos  V  Reg  TO-5  .7! 

307  Op  AMP  (super  741)  mDIP  TO-5  .26 

308  Mciro  Pwr  Op  Amp  mDIP  TO-5  .89 

JD9K  5V  1A  regulator  TOO  1.35 

310  V  Follower  Op  Amp  mDIP  1.07 

311  Hi  perf  V  Comp  mDIP  TO-5  .95 

319  Hi  Speed  Dual  Comp  DIP  1.13 

1»T  Neg  Reg  5.  12.  10-220  1-39 

J20X  Neg  Reg  5.2.  12  TOO  U9 

322  -  Precision  Timer  DIP 

324  Quad  Op  Amp  DIP  l-h-l' 

339  Quad  Comparator  DIP  *.ll| 

340K  Pos  V  reg  (5V,  6V,  8V.  12V, 

15V,  18V,  24V)  TO- 3 
340T  Pos  V  reg  (5V,  6V,  8V.  12V, 

15V,  18  V,  24  V)  TO- 220  1.49 

17?  AF-IF  Strip  detector  DIP  2.93 

373  AM/FM/SSB  Strip  DIP  142 

376  Pos  V  Reg  mDIP  ,b8 

38  0  2w  Audio  Amp  DIP  (.Nt 

380-8  .6w  Audio  Amp  mDIP  1.25 

381  Lo  Noise  Dual  preamp  DIP  1,75 

J82  Lo  Noise  Dual  preamp  DIP  I 

931  High  Slew  rate  Op  Amp 
540  p0»et  driver  10-5 
550  Free  V  Reg  DIP  .79 

555  Timer  mDIP  .45 

556A  Dual  555  Timer  DIP  1.19 

560  Phase  Locked  Loop  DIP  3.39 

562  Phase  locked  Loop  DIP  3.39 

565  Phase  locked  Loop  DIP  TO-5  1.18 

566  Function  Gen  mDIP  TO-5  1.95 

567  Tone  Decoder  mDIP  1,95 

709  Operational  AMP  TO-5  or  DIP  ,26 

710  Hi  Speed  Volt  Comp  DIP  .35  I 

711  Dual  Difference  Compar  DIP  .26 

723  V  Reg  DIP  .62 

733  Dill,  video  AMPl  TO-5  .85 

739  Dual  Hi  Perl  Op  Amp  DIP  1.07 

741  Comp  Op  Amp  mDIP  TO-5  .32 

747  741  Dual  Op  Amp  DIP  or  TO-5  .71 

748  Freq  Adj  741  mDIP  .35 

1458  Dual  Comp  Op  Amp  mDIP  .62 

1600  Stereo  multiplexer  DIP  2.48 

3900  Quad  Ampliiier  DIP  .49 

7524  Core  Mem  Sense  AMPL  DIP  .71 

7525  Core  Mem  Sense  AMPL  DIP  ,90 

8038  Voltage  contr.  osc.  DIP  4.25 


1 702A  UV  ERASABLE  PROM 

-  2048  bit  italic  PROM  256t8 
elect  programmable  &  erasable  TTLyDTl 

comp.  $6.95 

2102  RAM 

1024  bit  lulls  decoded  stalit  RAM 
DU  TH  rompatrble  —  1b  pin  DIP  J  -|  49 

ALARM  CLOCK  CHIP 

MM5375AA  4-6  digit,  12  hour,  60Hz 
snooze  alarm,  brightness  control  capa¬ 
bility,  alarm  lone  output  24  pin  DIP  $3,99 

5738  CALCULATOR  CHIP 

H  digil  mul  I  i  pie  red  —  lire  lunstiun  — 

« hain  operation  2  key  memory  —  lloating 
decimal  —  independent  constant  — 
inlerlac  es  with  led  with  only  digit  driser  — 

H  \  ball,  ciper.  24  pin  2.95 

7001  CLOCK  CHIP 

4-6  digit,  1 2-24  hr.  alarm,  timer  and  dale  " 
circuits  —  with  data  .  $5.95  i 

DVM  CHIP  4  V*  DIGIT 

MM5330  —  P  channel  device  provides 
all  logic  lor  4H  digil  voll  meter.  16  pin 
DIP  with  da|a_  .  $0.95 


KT IT  It 


FEBRUARY 

SPECIALS 


301 

311 

555 

Hi  perl  op  amp 

Hi  pert  V  Comp 

Timer 

mDIP 

DIP 

mDIP 

.25 

.71 

.39 

565 

Phase  Locked  Loop 

DIP 

.98 

723 

V  Reg 

DIP 

.56 

739 

Dual  Hi  Perl  Op  Amp 

DIP 

.89 

,  74 1 

Comp  Op  Amp 

mDIP 

.26 

1458 

Dual  Comp  Op  Amp 

mDIP 

.54 

8864 

9  DIG  Led  Lath  Drv> 

DIP 

1.95 

75150 

Dual  Line  Driver 

mDIP 

1.52 

75453 

(351)  Dual  Periph.  Driver 

mDIP 

.29 

75491 

Quad  Seq  Driver  for  LED  DIP 

.62 

TTL 

7474  .22 

74164 

.85 

7432 

i  .19  7490  .39 

74165 

.85 

7437 

.20  74121  .29 

74193 

.73 

7438 

.18  74123  .49 

9602 

.59 

CENTRAL 

PROCESSING  UNIT 

8008  119.0S 

8080  $19.95 

4PKIAL  MYrctb 

372  AF-IF  strip  Detector  DIP  2.93 

546  AM  Radio  Receiver  Subsystem  DIP  -75 
1310  FM  Stereo  Demodulator  DIP  2-90 

14%  Balanced  Modulalor-Demodulator  -99 
1800  Slereo  multiplexer  DIP  2.48 

U LN 2208  FM  Gain  Block  34db  (typ)  mDIP  LM 
ULN2209  FM  Gain  Block  48db  (typ)  mDIP  1.35 
2513  Character  Generator  64x8x5  DIP-24  10.20 
'jnmL  Ipcmhui  Anih  EHF-M  .73 


t-LdCX  CHIP* 

MM5311  A  multiplexed  BCD,  7  seg,  12-24 
FM  .  Ht  _  V  pV 

**Mf*r>!  4  "1  ■  -jIllc-'Tscd  BCD-.  7  seg,  Ipps. 

nr-]f  Hr.  sa-rt  Hz  -  24  pin  T-*' 

MM5314  6  -H  i  12-24  Hr,  50-60  Hz 

24  ¥i 

MM5316  4  «■■  12-24  Hr,  50-60  Hz,  alarm 

m  ran  Lih 


it  feOCXfTl 
Soldor  Tall  *  low  proflla 
8  P'n  S  .17  14  pin 

’*  P*n  .20  M  pin 

1b  pin  21  40  pin 

18  pin  29 

WIRE  WRAP  ■  gold  plat* 

Mu--  .49 

MULTIPLE  DISPLAYS 

NSNiJ  1  digit  .12"  red  LED 

HP5082-  5  digit  .11  red  LED 

7405 

HP5082-  4  digit  .11  red  LID 

7414 

SP-425-09  9  digit  .2?  gay  disch, 


Murk  k  dpch  Kit 

A  six  digit  clock  kil  with  one  double  sided 
P.C.  board  accommodates  MMS314  clock 
chip  and  6  FND359  .375”  displays.  12-24 
hour,  50-60  Hz.  Contains  alt  necessary 
components,  3  switches  and  complete 
assembly  instructions  with  schematics, 
Connections  for  remote  displays. 

Mark  1  $13.95 

Transformers 

117VAC  —  12V  300  m a  PC  Mount.  $3.95 
117  VAC  —  12V  100  ma  wall  mount  £4,93 


AUTO  CLOCK  KIT 

6  digib  .375”  red  led's 
Operates  from  12V  DC  or  AC 
Crystal  control  for  high  accuracy 
Supplied  with  case 
&  mounting  bracket 

Contains  internal  9V  battery  for  operation^ 
of  liming  circuit  (without  display) 
when  removed  temporarily  from  power. 
Uses  5314  dock  circuit 
Supplied  with  all  necessary 
components  and  assembly  instructions 

$33.95 

COMPLETELY  ASSEMBLED  5  4 -4  .  R  A 


DISPLAYS  fliltflITE  L 

MAN!  11.95  M£4  $  -29 


MANS  2.25  MV^°  « 

MAN66  2.25  RtD  ')? 

OLKA  il9  CREEN  .15 

lAiDSt*  1.69  AMBER  .15 

hakTil  1  k  CLEAR  -15 

MCD2  AP*  i^i'Fr  diode  1.09 

MCT2 _ ^17^  tsolalor  transistor  .70 

Add  $.30  ea.  H  Hem  b  fMietd  below  $1.00 


FREECATALOG  AVAILABLEON  REQUEST 

Satisfaction  guaranteed.  Shipment  will  be  made  postage  prepaid  wilhin  3  days  from 
receipt  of  order.  Payment  may  be  made  with  personal  check,  charge  card  (include 
number  and  exp.  date),  or  money  order.  Phone  Orders  —  BofA  and  M/C  card  orCO.D 

Add  Si. 00  lo  cover  shipping  and  handling  if  order  is  less  than  $10.00. 

California  residents  add  sales  tax.  Include  shipping  expense  for  orders,  shipped  out  of 
U.S.  and  Canada  approx.  I0‘'r.  of  order. 

INTERNATIONAL  ELECTRONICS  UNLIMITED 

A*  P.O.  BOX  3036-R  MONTEREY,  CA.  93940  USA 
PHONE  (408)  659-3171 


INVENTIONS  WANTED 


INVENTORS:  Manufacturers  Need  New  Products.  Free 
"Recommended  Procedure,"  by  a  creative  fee-based 
invention  service  company.  Washington  Inventors  Service, 
422-T  Washington  Building,  Washington,  D.  C.  20005. 


RECOGNITION 
REWARD 

FOR  “INVENTING 


If  you  have  an  idea  for  a  new  product,  or  a  way 
to  make  an  old  product  better,  contact  us,“th0 
idea  people  "  We’ll  develop  your  idea,  introduce  it  to 
industry,  negotiate  for  cash  sale  or  royalty  licensing. 

Write  now  without  cost  or  obligation  for  free 
information.  Fees  are  charged  only  for  contracted 
services.  So  send  for  your  FREE  '‘Inventor's  Kit."  It 
has  important  Marketing  Information,  a  special 
“Invention  Record  Form" and  a  Directory  of  500 
Corporations  Seeking  New  Products. 


RAYMOND  LEE  ORGANIZATION 

230  Park  Avenue  North, New  York, NY  10017 
At  no  cost  or  obligation,  please  rush  my 

FREE  "Inventor's  Kit  No.  A-112 


TAPE  AND  RECORDERS 

RENT  4-Track  open  reel  tapes— free  brochure.  Stereo- 

Parti,  P.O.  Box  7,  Fulton,  CA  954Q1, _ 

RECORDS— TAPES!  Discounts  to  73%;  all  labels;  no  pur¬ 
chase  obligations;  newsletter;  discount  dividend  certifi¬ 
cates;  100%  guarantees.  Free  details.  Discount  Music 
Club,  650  Main  St.,  Dept  5-0277,  New  Rochelle,  New  York 
N.Y.  10801. 

EDISON  CYLINDER  phonograph  recordings  on  cassette. 
SASE  list.  Talen.  10605  Double  Spur,  Austin,  TX  78759. 

GOVERNMENT  SURPLUS 


MANUALS  for  Govt  Surplus  radios,  test  sets,  scopes.  List 
50  cents  (coin).  Books,  7218  Roanne  Drive,  Washington 
P.C.  20021. _ 

GOVERNMENT  SURPLUS.  How  and  where  to  Buy  in  your 
area,  send  $2.00.  Surplus,  30177-PE  Headquarters  Build¬ 
ing,  Washington,  D.C.  20014. 

RECORDS 


RECORD  RATERS  WANTED!  Anyone  qualifies.  We  ship 
you  nationally  released  LP’s  to  rate.  We  pay  postage  and 
handling.  You  pay  nothing  for  LP’s.  All  you  pay  is  small 
membership  fee.  Applicants  accepted  "first  come  basis." 
Write:  E.A.R.S.,  Inc.,  Dept  PE,  Box  10245,  5521  W.  Center 
Street,  Milwaukee,  Wisconsin  53210. 
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CIRCLE  NO.  38  ON  FREE  INFORMATION  CARD 


POPULAR  ELECTRONICS 


S.D.  SALES  CO. 


P.O.  BOX  28810 -D 
DALLAS,  TEXAS  75228 


From  the  same  people  who  brought  you  the  $89.95  4K  RAM  kit.  We  were  not  the  first  to 
introduce  an  I  MSA  I /ALTA  I R  compatible  Z— 80  card,  but  we  do  feel  that  ours  has  the  best 
design  and  quality  at  the  lowest  price. 

The  advanced  features  of  the  Z— 80  such  as  an  expanded  set  of  158  instructions,  8080A 
software  compatibility,  and  operation  from  a  single  5 V DC  supply,  are  all  well  known.  What 
makes  our  card  different  is  the  extra  care  we  took  In  the  hardware  design.  The  CPU  card  will 
always  stop  on  an  Ml  state.  We  also  generate  TRUE  SYNC  on  card,  to  insure  that  the  rest  of 
your  system  functions  properly.  Dynamic  memory  refresh  and  NMI  are  brought  out  for  your 
use.  Believe  it  or  not,  not  all  of  our  competitors  have  gone  to  the  extra  trouble  of  doing  this. 

As  always,  this  kit  includes  all  parts,  all  sockets,  and  complete  instructions  for  ease  of  assem¬ 
bly.  Because  of  our  past  experience  with  our  4K  kit  we  suggest  that  you  order  early.  All  orders 
will  be  shipped  on  a  strict  first  come  basis.  Dealers  inquiries  welcome  on  this  item. 

Kit  shipped  with  2  MHZ  crystals  for  existing  500NS  memory.  Easily  modified  for  faster  RAM  chips  when  the  prices 
come  down.  Z—  80  Manual  —  $7.50  Separately. 

Kit  includes  Zilog  Manual  and  ail  parts. 


Z— 80  CPU  CARD  KIT 
FOR  IMSAI/ALTAIR 

$149: 


JUMBO 

LED 

CAR 

CLOCK 


$16.95 

KIT 


You  requested  it!  Our  first  DC  operated  clock  kit. 
Professionally  engineered  from  scratch  to  be  a  DC 
operated  clock.  Not  a  makeshift  kluge  as  sold  by  others. 
Features:  Bowmar  4  digit  .5  inch  LED  array,  Mostek 
50252  super  clock  chip,  on  board  precision  time  base, 
12  or  24  hour  real  time  format,  perfect  for  cars,  boats, 
vans,  etc.  Kit  contains  PC  Board  and  all  other  parts 
needed  (except  case).  50,000  satisfied  clock  kit  cus¬ 
tomers  cannot  be  wrong! 

FOR  ALARM  OPTION  ADD  $1.50 
FOR  XFMR  FOR  AC  OPERATION  ADD  $1.50 


60  HZ  CRYSTAL  TIME  BASE  FOR  DIGITAL  CLOCKS 
S.D.  SALES  EXCLUSIVE! 

KIT  FEATURES: 

A.  60HZ  output  with  accuracy  comparable  to  a  digital  watch. 

B.  Directly  interfaces  with  all  MOS  Clock  Chips.  . 

C.  Super  low  power  consumption.  (1 .5  ma  typ.)  $5. 9b  Or 

D.  Uses  latest  MOS  17  stage  divider  1C.  2/$10. 

E.  Eliminates  forever  the  problem  of  AC  line  glitches. 

F.  Perfect  for  cars,  boats,  campers,  or  even  for  portable  clocks 
at  ham  field  days. 

G.  Small  Size,  can  be  used  in  existing  enclosures. 

KIT  INCLUDES  CRYSTAL,  DIVIDER  1C,  PC  BOARD 
PLUS  ALL  OTHER  NECESSARY  PARTS  &  SPECS 


50HZ  CRYSTAL  TIME  BASE  KIT  -  $6.95 

All  the  features  of  our  60HZ  kit  but  has  50HZ  output.  For  use 
with  clock  chips  like  the  50252  that  require  50HZ  to  give  24 
hour  time  format. 


*4 

U 

I 


THIS  MONTH'S  SPEC! A  LS! 
300.00  KHZ  CRYSTAL  -  $1.50 
8080A  -  CPU  CHIP  by  AMD  -  $19.95 
82S129  -  256  x  4  PROM  -  $2.50 
N.S.  8865  OCTAL  DARLINGTON  DRIVERS 
3  for  $1 .00 

Z-80  -  CPU  by  Zl  LOG  -  $69.95 
MM5204  -  4K  EPROM  -  $7.95 
Prices  in  effect  this  month  ONL  Y! 


Q 


4K  LOW  POWER  RAM  BOARD  KIT 
THE  WHOLE  WORKS  -  $89.95 

Imsai  and  Altair  8080  plug  in  compatible.  Uses  low  power 
static  21  L02— 1  500ns.  RAM's,  which  are  included.  Fully  buffer¬ 
ed,  drastically  reduced  power  consumption,  on  board  regulated, 
all  sockets  and  parts  included.  Premium  quality  plated  thru 
PC  Board. 


7400 — 19c 
74LS  00 — 49c 
7402— 19c 
74LS02— 49c 
7404— 19c 
74L04— 29c 
74S04— 44C 
74LS04-49C 
7406— 29c 
7408— 19c 
7410— 19c 


741 1— 29c 
7413— 50c 
7416— 69c 
7420— 19c 
7430— 19c 
7432— 34c 

7437—  39c 

7438—  39c 
7440— 19c 

7447—  85c 

7448—  85C 


7451— 19c 
7453  — 19C 

7473—  39c 

7474—  35c 
74LS74-59C 

7475—  69c 

7476 —  35c 
7480— 49c 
7483— 95c 

7485—  95c 

7486—  45c 


7490— 65c 
74LS90— 95c 

7492—  75c 

7493—  69c 

7495—  75c 

7496—  89c 
74121-38C 
741 23-65c . 
74132-1.70 
74S 138-1 .95 
74141-75C 


TTL  INTEGRATED  CIRCUITS 


74153- 

74154- 

74157- 

74161- 

74164 

74165 
74174 
74181 

74191 

74192 

74193 
74195 


— 75c 
1.00 
-75c 
-95c 
1.10 
1.10 
—95  c 
2.5  0 
1.25 
1.25 
1.00 
—69c 


STICK  IT! 
in  your  clock 
in  your  DVM,  etc.! 


Huge  Special  Purchase 
Not  Factory  Seconds 
As  sold  by  others! 


$3.95 


4  JUMBO  .50" 

DIGITS  ON 
ONE  STICK! 

(with  colons  and 

AM/PM  Indicator)  BUY  3  for  $1  0. 

BOWMAR  4  DIGIT  LED  READOUT  ARRAY 

The  Bowmar  Opto-Stick.  The  best  readout  bargain  we  have  ever 
offered.  Has  four  common  cathode  jumbo  digits  with  all  seg¬ 
ments  and  cathodes  brought  out.  Increased  versatility  since  any 
of  the  digits  may  be  used  independently  to  fit  your  applications. 
Perfect  for  any  clock  chip,  especially  direct  drive  units  like 
50380  or  7010.  Also  use  in  freq.  counters,  DVM's,  etc.  For  12 
or  24  hour  format. 


UP  YOUR  COMPUTER! 

21L02-1  IK  LOW  POWER  500  NS  STATIC  RAM 
TIME  IS  OF  THE  ESSENCE! 

And  so  is  power.  Not  only  are  our  RAM'S  faster  than  a  speeding 
bullet  but  they  are  now  very  low  power.  We  are  pleased  to  offer 
prime  new  21L02— 1  low  power  and  super  fast  RAM's.  Allows 
you  to  STRETCH  your  power  supply  farther  and  at  the  same 
time  keep  the  wait  light  off.  8  for  $12.95 


<fcl?QR  S.D.  SALES  EXCLUSIVE!  $1?QR 

MOS  6  DIGIT  UP-DOWN  COUNTER  ^ 

40  PIN  DIP.  Everything  you  ever  wanted  in  a  counter  chip. 
Features:  Direct  LED  segment  drive,  single  power  supply  (12 
VDC  TYP.),  six  decades  up/down,  pre-loadable  counter,  sep¬ 
arate  pre-loadable  compare  register  with  compare  output, 
BCD  AND  seven  segment  outputs,  internal  scan  oscillator, 
CMOS  compatible,  leading  zero  blanking.  1MHZ.  count  input 
frequency.  Very  limited  qty.  WITH  DATA  SHEET 


WESTERN  DIGITAL  UART 

No.  TR1602B.  40  pin  DIP 
This  is  a  very  powerful  and 
popular  part. 

NEW— $6.95  with  data 
LIMITED  QUANTITY 


RESISTOR 

ASSORTMENT 

%  W  5%  and  10% 

PC  leads.  A  good  mix 
of  values.  200/$2. 


FAIRCHILD  BIG  LED 
READOUTS 

A  big  .50  inch  easy  to  read 
character.  Now  available  In 
either  common  anode  or 
common  cathode.  Take  your 
pick.  Super  low  current  drain, 
only  5 M A  per  segment  typ¬ 
ical. 

FND510  Common  Anode 
FND  503  Common  Cathode 
PRICE  SLASHED!  59c  each 


TERMS: 

Money  Back  Guarantee.  No 
COD.  Texas  Residents  add  5% 
tax.  Add  5%  of  order  for 
postage  and  handling.  Orders 
under  $10.  add  75c.  Foreign 
orders:  US  Funds  ONLY! 


SLIDE  SWITCH 
ASSORTMENT 

Our  best  seller.  Includes 
miniature  and  standard 
sizes,  single  and  multi- 
position  units.  All  new, 
first  quality,  name 
brand.  Try  one  package 
and  you'll  reorder 
more.  SPECIAL  12/$1. 


MOTOROLA  POWER 
DARLINGTON 
Back  in  Stock! 

Like  MJ3001.  NPN  80V.  1  0A. 
HFE  6000  TYP.  TO— 3  case. 
We  include  a  free  723C  volt 
reg.  with  schematic  for  power 
supply.  SPECIAL  — $  1.99 


CALL  YOUR  BANK 
AMERICARD  OR  MASTER 
CHARGE  ORDER  IN  ON 
OUR  CONTINENTAL 

UNITED  STATES  TOLL 
FREE  WATTS: 

1  -800—527-3460 

Texas  Residents  Call  Collect 

214/271-0022 


S.D.  SALES  CO. 
P.O.  BOX  28810-D 
Dallas,  Texas  75228 


For  orders  over  $15,00  Choose  $1.00  FREE  mdse. 


FEBRUARY  1977 


CIRCli  NO.  54  ON  FREE  INFORMATION  CARO 
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SPERRY-RAND  UNIVAC 
KEYPUNCH  KEYBOARD  ASSEMBLY 

A  fantastic  assembly  filled  with  quabty  component  pans  The 
■deal  train ng  keyboard  a  super  bargain  on  a  complete  as- 
I^I  I  M  B"  assembly  Sue  13"  x  8% "  x  414”  Shipping  Wt.  10-Lbs 


N  46  1 8M 


12  VOLT  DC  SPDT 
MINIATURE  COAXIAL 
RELAY 


•  75  Ohm  coil  *  Designed  for  effi¬ 
cient  transfer  of  RF  energy  at  ex¬ 
tremely  low  loss 


PRECISION 

1-RFM  TIMING  MOTOR 


•  Tmng  Motor  For 
Clocks.  Displays.  Etc. 

•  Shipping  Wt  %-LB 


100.00  Cabinet  Or 

VALUE  *  Accu^tBfol/IOollK. 


i\  4-RANGE  DIGITAL 
READOUT  INTERVAL 
TIMER  KIT 

•  A  time  functions:  1-9.9  Sec..  1  -99  Sec..  1-9.9 
M In..  1-99  Min.  •  V»"  High  Nixie  Tube  Readouts  • 
For  darkroom  use  in  both  processing  &  enlarging 
processes  •  As  a  timer  for  sport  &  contest  events 
[stop  switch)  •  Provides  timed  120V  AC  outlet 
and  S.P.  NO  contact  to  trigger  buzzer  alarm  or  visuaJ 
signals.  •  Full  Wiring  instructions  Included  -  No 
Cabinet  Or  Case  Available  For  Timer. 


►  LED  for  Visual  Timing  SPECIAL 


19.99 


Send  for  tree  catalog  -  satisfaction  guaranteed 
Min.  Order  $ 3.00  -  Allow  For  Postage 
III.  Residents  Add  5%  Sales  Tax 
Prices  good  thru  February  28, 1977  or  while  stocks  last 
Notice:  Some  items  may  be  of  ImHed  quantities  and  subject  to  prior  sale. 


ELECTRONIC  DISTRIBUTORS,  INC. 

DEPT.  PE  1-4900  ELSTON 
CHICAGO,  ILL.  60630 
Tel:  312/283-4800 


CLUBS 


HEY!  Got  Old  Radio  Programs,  trade-em.  Join  International 
Club.  $2.  Winslow,  Box  281,  Roosevelt,  N.Y.  11575. 

REAL  ESTATE 


BIG... FREE... SPRING  1977  CATALOG!  Over  2,600  top 
values  coast  to  coast!  UNITED  FARM  AGENCY.  612-EP, 
West  47th,  Kansas  City,  MO  64112.  _ 

EMPLOYMENT  OPPORTUNITIES 

OVERSEAS  JOBS  —  NOW  HIRING!  High  Pay!  AM  Occupa- 
tions.  Transportation.  Computerized  Reports  —  $2.00. 
TRANSWORLD,  International  Airport,  3623-N,  Los 

Angeles,  Calif,  90009. _ 

AUSTRALIA  —  NEW  ZEALAND,  WANT  YOU!!!  50,000 
Jobs!  Transportation!  Latest  information,  $2.00.  AUSTCO, 
Box  3623-N,  Long  Beach,  Calif.  90803. 


ELECTRONICS/AVIONICS  EMPLOYMENT  OPPORTUN¬ 
ITIES.  Report  on  jobs  now  open.  Details  FREE.  Aviation 
Employment  Information  Service,  Box  240E,  Northport, 
New  York  11768. 


RUBBER  STAMPS 


RUBBER  STAMPS,  BUSINESS  CARDS.  Many  new  prod¬ 
ucts.  Catalog.  Jackson's,  Dept.  K,  Brownsville  Rd.,  Mt. 
Vernon,  III.  62864. 


DO-IT-YOURSELF 


MODULAR  TELEPHONES  now  available.  Sets  and  com¬ 
ponents,  compatible  with  Western  Electric  concept.  Cata- 
log  50  cents.  Box  1147W,  San  Diego,  California  92112. 
WANT  HELP?  Where /what  to  buy,  design,  build,  get  work¬ 
ing.  All  areas  including  audio:  CB;  Remote-Control; 
recording:  security:  telephone:  TV;  etc.  For  an  informative 
answer  fast,  send  letter  with  full  particulars  and  $8.00  to: 
E.R.  Gunny.  Consultant,  7612  Alverstone  Avenue,  Los 
Angeles,  Calif.  90045. 


70%  OFF  LIST! 


fTTFI  EDLIE 

BARGAIN 
BONANZA 

OF 

HIGHEST  QUALITY 

TUBES 


1AD2 

1.59 

6AU8 

2.15 

1B3GT 

1.58 

6AV6 

1.11 

1K3 

1.58 

6AW8A 

1.79 

1S2A 

2.27 

6AX4GTB 

1.52 

1U4 

1.58 

6AY3B 

1.52 

1V2 

.96 

6AZ8 

2.30 

1X2B 

1.56 

6BA6 

1.34 

2AH2 

1.59 

6BA11 

1.95 

2AV2 

1.26 

6BE6 

1.47 

2D21 

1.95 

6BH11 

1.77 

2GK5 

1.58 

6BJ6 

1.65 

3A3C 

1.61 

6BK4C6 

2.98 

3A5 

2.50 

6BK7B 

2.07 

3AT2B 

1.56 

6BL8 

1.10 

3BS2 

1.70 

6BM8 

1.10 

3CU3A 

1.95 

6BN6 

1.97 

3CY3 

1.76 

6BN8 

1.56 

3DJ3 

1.70 

6BN11 

2.46 

3GK5 

1.55 

6BQ5 

1.56 

3HA5 

1.53 

6BQ7A 

2.09 

3H05 

2.27 

6BR8A 

2.12 

3JC6A 

2.06 

6BX6 

1.49 

3V4 

1.83 

6BZ6 

1.26 

4AU6 

1.58 

6C4 

1.58 

4BL8 

.92 

6CA4 

1.60 

4BZ6 

1.41 

6CA7 

2.04 

4CB6 

1.10 

6CB6A 

1.32 

4DT6 

1.56 

6CG3 

1.58 

4EH7 

1.46 

6CD6GA 

2.83 

4EJ7 

1.46 

6CG7 

1.22 

4HS8 

1.50 

6CG8A 

1.73 

4JC6A 

2.04 

6CJ3 

1.50 

4JD6 

1.88 

6CL3 

1.61 

4KE8 

2.48 

6CL6 

2.07 

4LJ8 

1.80 

6CL8 

1.95 

5AQ4 

4.50 

6CM7 

1.71 

5EW6 

1.63 

6CU5 

1.65 

5GH8A 

1.88 

6CW4 

3.30 

5GJ7 

1.11 

6CW5 

1.02 

5GS7 

1.17 

6DJ8 

2.25 

5GX7 

1.68 

6DL4 

2.39 

5HZ6 

1.20 

6DQ6 

2.15 

5JK6 

1.47 

6DT6A 

1.32 

5JL6 

1.47 

6DW4 

1.50 

5KE8 

2.48 

6DX8 

1.01 

5LJ8 

1.76 

6EA8 

1.58 

5U4GB 

1.23 

6EB8 

2.40 

5Y3GT 

1.32 

6EH7 

1.53 

5Y4GT 

1.14 

6EJ7 

1.43 

6A8 

4.69 

6EM7 

2.25 

6AB4 

1.53 

6EU7 

1.61 

6AC7 

2.36 

6EW6 

1.43 

6AC10 

1.73 

6EW7 

2.38 

6AD10 

3.68 

6F6GT 

3.49 

6AF4 

2.21 

6FG6 

1.19 

6AF9 

2.13 

6FG7 

2.28 

6AH6 

2.94 

6FM7 

1.85 

6AJ8 

1.74 

6GE5 

2.16 

6AL3 

.92 

6GF7A 

2.12 

6AL5 

1.31 

6GH8A 

1.26 

6AN8A 

1.82 

6GJ7 

1.11 

6AQ5 

1.35 

6GK5 

1.86 

6AQ8 

.98 

6GK6 

1.41 

6AR5 

.81 

6GM6 

1.68 

6AS8 

2.48 

6GM8 

3.30 

6AU4GTA 

1.97 

6GS7 

1.38 

6AU5GT 

2.41 

6GU7 

1.67 

6AU6A 

1.31 

6GW8 

.98 

70%  OFF  LIST! 


BUY  BRAND  NEW  MANU¬ 
FACTURER’S  BOXED  TUBES 
(Raylheon,  Dumont,  IEC  Mullard, 
etc.)  AT  70%  OFF  LIST! 

HERE  IS  A  BIGGER  &  BETTER 
LIST  THAN  WE  EVER  OFFERED 
BEFORE.. .AND  REMEMBER... 

70%  O  F  F  L  I  S  T ! 


ALL  TUBES 
BRAND  NEW 
MANU.  BOXED 
70%  OFF 

MINIMUM  ORDER  $7.50 
MONEY  BACK  GUARANTEE 

Terms:  Minimum  order  $7.50.  In¬ 
clude  postage.  Either  full  payment 
with  order  or  20%  deposit,  balance 
C.O.D. 


6GX6 

1.38 

6JH8 

2.51 

6H6 

2.71 

6JM6A 

2.16 

6HA5 

1.53 

6JN6 

2.03 

6HB7 

1.55 

6JR6 

3.54 

6HE5 

1.91 

6JS6C 

2.95 

6HF5 

3.78 

6JT6 

2.40 

6HF8 

2.16 

6JT8 

1.91 

6HQ5 

2.03 

6JU6 

2.84 

6HS5 

2.94 

6JU8 

1.77 

6HS6 

1.46 

6JV8 

1.80 

6HS8 

1.91 

6JW8 

1.35 

6HV5 

3.54 

6K6GT 

1.64 

6HZ6 

1.28 

6K7GT 

2.24 

6J5 

1.89 

6K8 

4.69 

6J7 

2.31 

6KA8 

1.95 

6J10 

2.45 

6KD6 

3.38 

6JB6 

2.42 

6KE8 

2.45 

6JC6A 

1.79 

6KM6 

3.38 

6JD6 

1.85 

6KT8 

2.18 

6JE6C 

3.35 

6KV6A 

2.67 

6JG6A 

2.67 

6KZ8 

1.64 

6JH6 

1.43 

6L6 

4.86 

6L7 

2.84 

12BH7A 

1.58 

6LB6 

3.23 

12BY7 

1.43 

6LE8 

2.27 

1 2DQ6B 

2.10 

6LF6 

3.20 

12FX5 

1.34 

6LF8 

2.34 

12GN7 

2.22 

6LJ8 

1.76 

12HL7 

1.95 

6LM8 

1.95 

12JB6A 

2.55 

6LN8 

1.05 

12MD8 

1.77 

6LT8 

1.64 

12SL7 

2.31 

6LU8 

1.92 

13GF7A 

2.09 

6LX8 

1.05 

13Z10 

2.55 

6M 1 1 

2.76 

14BL11 

3.11 

6MB8 

1.52 

15BD11A 

2.25 

6MD8 

2.34 

15CW5 

.87 

6SA7 

2.04 

15KY8A 

2.91 

6SG7 

2.30 

16A8 

1.23 

6S17 

2.19 

16LU8A 

2.97 

6SK7 

2.03 

17AY3A 

1.52 

6SL7GT 

2.30 

17BE3 

1.52 

6SN7GT 

1.52 

17BF11 

2.39 

6SQ7 

2.01 

17BR3 

1.23 

6T8A 

1.92 

17BS3 

1.52 

6T10 

2,25 

17CK3 

1.31 

6U8A 

1.56 

17CU5 

1.26 

6U10 

1.62 

17DW4 

1.41 

6V6 

3.57 

17JN6 

2.16 

6X4 

1.46 

17JQ6 

1.85 

6X5GT 

1.47 

17JZ8 

1.43 

6X9 

1.82 

19CG3 

1.58 

7F8 

6.00 

20AQ3 

1.17 

7V7 

3.00 

21GY5 

2.01 

8A8 

.93 

21HB5 

1.92 

8AC9 

1.88 

21JS6 

4.30 

8AR11 

2.46 

21JZ6 

2.10 

8B10 

1.80 

21LR8 

1.89 

8BA11 

2.25 

21LU8 

1.86 

8BM11 

2.30 

22JF6 

2.66 

8BQ11 

1.98 

22JR6 

2.73 

8BU11 

2.30 

22KM6 

3.08 

8CG7 

1.12 

23Z9 

1.91 

8JV8 

1.86 

24JE6C 

3.20 

8LT8 

1.61 

25CG3 

1.38 

9AQ8 

2.31 

29KQ6 

3.53 

9GH8 

1.67 

30AE3 

1.17 

9JW8 

1.26 

31JS6C 

2.89 

10CW5 

1.02 

31LQ6 

3.05 

10DX8 

.98 

31LZ6 

3.38 

10GK6 

1.82 

33GY7A 

2.42 

10GN8 

1.92 

35C5 

1.31 

10JT8 

2.06 

35W4 

.89 

10JY8 

1.50 

35Z5GT 

1.41 

10KR8 

2.04 

36KD6 

3.36 

11AF9 

2.13 

38HE7 

2.92 

11AR11 

2.46 

38HK7 

2.86 

11BM8 

1.86 

40KG6A 

3.26 

11FY7 

1.52 

42EC4A 

1.59 

11KV8 

2.20 

42KN6 

2.75 

11MS8 

1.53 

50B5 

1.21 

12AB5 

1.41 

50C5 

1.23 

12AT6 

1.13 

50EH5 

1.47 

12AT7 

1.37 

50GY7A 

3.60 

12AU7A 

1.23 

50L6GT 

1.95 

12AV6 

1.02 

80 

1.88 

12AX7A 

1.13 

6267 

2.10 

12AZ7A 

1.74 

6973 

1.85 

12B4A 

1.77 

7025A 

1.13 

12BA6 

1.16 

7189A 

1.73 

12BE6 

1.22 

7199 

2.06 

EDLIE  ELECTRONICS,  INC. 


WRITE  FOR 
FREE  VALUE  PACKED 
CATALOG 


2700-KP  HEMPSTEAD  TPKE.,  LEVITTOWN,  N.  Y.  11756 


112 


CIRCLE  NO.  28  ON  FREE  INFORMATION  CARD 


CIRCLE  NO.  23  ON  FREE  INFORMATION  CARD 


POPULAR  ELECTRONICS 


SOCKETS 


8  Pin  0.16  0.15 

14  Pin  0.19  0.18 

16  Pin  0.21  0.20 


LOW  PROFILE,  SOLDER,  TIN 

*"o.  14  18  Pin  0.28  0.27  0.26 

0.17  22  Pin  0.36  0.35  0.34 

0.19  24  Pin  0.37  0.36  0.35 


STANDARD,  SOLDER,  TIN  ft, 

1-24  25-49  50-100 

14  Pin  0.27  0.25  0.24 

16  Pin  0.30  0.27  0.25 

18  Pin  0.35  0.32  0.30 

24  Pin  0.49  0.45  0.42 

28  Pin  0.99  0.90  0.81 

36  Pin  1.39  1.26  1.16 


SAMS  BOOKS 

TTL COOKBOOK 

No.21035  . $895 

1C  OP-AMP  COOKBOOK 

No. 20969  . $12.95 

SECOND  CLASS  RADIOTELEPHONE 
LICENSE  HANDBOOK,  5TH  Ed. 

No. 21 1 1 1 . $7.50 

TRANSISTOR  SUBSTITUTION 
HANDBOOK,  15th  Ed. 

No. 21 169 . $4.50 

REFERENCE  DATA  FOR  RADIO 
ENGINEERS,  6th  Ed. 

No. 21218 . $30.00 

BASIC  ELECTRICITY/ELECTRONICS  SERIES, 
Vol.1  :BAS!C  PRINCIPALS  AND  APPLICATIONS 

No. 20167  . $5.50 

TV  TYPEWRITER  COOKBOOK 

No.21313 . $9.95 


1  STANDARD,  SOLDER.  GOLDlT 


PROTO  BOARDS 

With  built-in  regulated  short-proof  power  supplies 
P8203  6V,  1  amp  regulated  power  tupply  $  76.00 

PB203A  6 V,  1  amp  and  ±16 V,  14  emp  regulated  120.00 

power  supply 


LOGIC  MONITOR  1 


LOGIC  MONITOR  2 


Simultaneouily  dliplayt  »tetlcj|3  El  Display*  static  end  dynamic 
and  dynamic  logic  states  of  >9  El  states  of  digital  ICs  such  as  C- 
DTL,  TTL,  HTL  or  CMOS  13  El  MOS.  HTL,  TTL,  DT L  &  RT L. 
DIP  ICs.  Pocket  size.  $74.95  Hp*  Selectable  threshold  control. 

£124  AS 

LOGIC  PROBE  LP-1 

Compact,  circuit-powered  multifunction  logic  probe.  Multi-family 
comparability.  DTLVTTL/HTL/CMOS.  Traces  logic  levels  and  pulses 
through  digital  circuitry.  $44,95. 


0.27  0.26  28  Pin  0.44  0.43  0.42 

0.35  0.34  36  Pin  0.59  0.58  0.57 

0.36  0.35  40  Pin  0.62  0.61  0.60 

I  WIRE  WRAP,  fCg, 

JLDER,  GOLDlflffP1'  GOLD  (Level  No.3)  |Ip 

25-49  50-100  1-24  25-49  50-100 

0.27  0.24  10  Pin  0.45  0.41  0.37 

0.32  0.29  14  Pin  0.39  0.38  0.37 

0.35  0.32  16  Pin  0.43  0.42  0.41 

0.47  0,43  18  Pin  0.75  0.68  0.62 

0.63  0.57  24  Pin  1.05  0.95  0.85 

1.00  0.90  28  Pin  1.40  1.25  1.10 

1.40  1.26  36  Pin  1,69  1.45  1.30 

1.5E*  1.46 _ 40  Pin  1.75  1.55  1.40 


TRANSISTOR  SPECIFICATIONS 
MANUAL,  7th  Ed. 

No. 21208  . $5.95 

FIRST-CLASS  RADIOTELEPHONE 
LICENSE  HANDBOOK,  4th  Ed. 

No. 21 144 . $7.50 

SEMICONDUCTOR  REPLACEMENT  GUIDE 

No. 2 1092  . $355 

BUILDING  &  INSTALLING  ELECTRONIC 
INTRUSION  ALARMS 

No. 20929  . $4.50 

UNDERSTANDING  1C  OPERATIONAL 
AMPLIFIERS 

No. 20855  . $3.95 

HOW  TO  USE  1C  LOGIC  ELEMENTS, 

2nd  Ed. 

No. 21081 . $4.50 

UNDERSTANDING  CMOS 
INTERGRATED  CIRCUITS 
No.21129 .  $4.95 


CARBON  FILM  RESISTORS  (5%) 
Only  in  Multiples  of 
100  pcs  per  value  (ohms) 

XW  ...  $1 .69  per  100 
HW...S1.79  per  100 

10  100  1.0K  10K  100K  1.0M 

11  110  1.1  K  1 1 K  1 10K  1.1  M 

12  120  1.2K  12K  120K  1.2M 

13  130  1.3K  13K  130K  1 .3M 

15  150  1.6K  15K  160K  1.5M 

16  160  1.6K  16K  160K  1.6M 

18  180  1.8K  18K  180K  1.8M 

20  200  2 .OK  20K  200K  2.0M 

22  220  2.2K  22K  220K  2.2M 

24  240  2.4K  24K  240K  2.4M 

27  270  2.7K  27K  270K  2.7M 

30  300  3. OK  30K  300K  3.0M 

33  330  3.3K  33K  330K  3.3M 

36  360  3.6K  36K  360K  3.6M 

39  390  3.9 K  39 K  390K  3.9M 

43  430  4.3K  43K  430K  4.3M 

47  470  4.7K  47K  470K  4.7M 

51  510  5. IK  61 K  51  OK  6.1M 

56  560  5.6K  66K  560K  5.6M 
62  620  6.2K  62K  620K  6.2M 
68  680  6.8K  6SK  680K  6.8M 
76  750  7.5K  75K  760K  7.6M 
82  820  8.2K  82K  820K  8.2M 
91  910  9. IK  91 K  91  OK  9.1M 


SOLID-STATE 

Digital  Auto 
Clock 

Build-lt-Yourselfl 
Kit  I 


IECHNOLOGY  KIT 
ii ii fm n< i bile  duck 


COMPLETE  KIT 
-ONLY  $40.00 


ALUMINUM 

ELECTROLYTIC 

CAPACITORS 


(RADIAL  LEAD) 


i  10V  16V  25V  35V  l 

.12  .13  .14  .15 


.16  .16  .21  .23 

.16  .17  .22  .24 


SOCKETS  &  BUS  STRIPS 

Plug-In,  wire,  test. 

modify  or  expand 

without  patch  cord*  or  solder.  Snap 
together  to  form  breadboard  needed. 

PN/Oescription 

Tennis 

Price 

QT59S  Socket 

118 

$12.50 

QT59B  Bus 

20 

QT47S  Socket 

94 

10.00 

QT478  Sul 

16 

2.26 

QT35S  Socket 

70 

8.50 

OT35B  Bus 

12 

2.00 

QT1BS  Socket 

36 

4.75 

QT12S  Socket 

24 

3.76 

QT8S  Socket 

16 

3. 25 

QT7S  Socket 

14 

3.00 

RESISTOR  ASSORTMENTS 

Each  assortment  contains  5  pc*  each  of  10  different  value*. 
Value*  Included  are  shown  In  (Ohm*) 

(50  pcs  total). .  .$1.75  /  %WJ5%  (50  pcs  total). .  .$1 .85 
Asst.1 :  10,  12,  15,  18.  22,  27,  33,  39,  47,  56  ohm 

Asst.2:  68,  82,  100,  120,  150,  180,  220,  270,  330,  390  ohm 
As*t.3:  470,  560.  680.  B20  ohm,  IK.  1.2K,  1.5K.  1.8K,  2.2K.2.7K 

Asst.4:  3.3K,  3.9K,  4.7K,  5.6K,  6.8K,  8.2K,  10K.  12K,  15K,  18K 
As  St. 5;  22  K,  27K,  33K,  39K,  47K,  56K,  68K,  B2K,  100K,  120K 

Asst. 6:  150K,  180K.  220K,  270K,  330K,  390K ,470K ,560K,680K , 

820K 

Asst. 7:  IM.I^M.I.BM.I.BM^M^.TM.S.SM.S.gMATM.S.eM, 

( 'AW  Assortment  No. 7  doesn't  Include  5.6M) 

Asst.8R:(AM  seven  assortment*  above) 

V4W,5%,350  pcs  total :$1 0.95- Vi W. 5%. 3 50  pc*  totei:$11-55 


d  *1  * 


BREADBOARD  JUMPER  WIRE  KIT 
Each  kit  contains  350  wires  cut  to  14 
different  lengths  from  0.1”  to  5.0’, 
Each  wire  is  stripped  and  leads  are 
bent  90°  for  easy  insertion.  Wire 
length  It  classified  by  color  coding. 
All  wire  Is  solid  tinned  22  gauge  with 
PVC  insulation.  The  wires  come 
packed  In  a  convenient  plastic  box. 
BK-1 . $9.95 


MATSUO 

DIPPED 

TANTALUM 

CAPACITORS 


$  MF  V 

.33  6.8  16 

.33  6.8  36 

.33  10.0  16 

.33  10.0  25 

.33  10.0  35 

.33  15.0  20 

.33  15.0  35 

.40  22.0  16 

.33  33.0  20 

.40  47.0  20 

.42  68.0  1  6 


PLESSEY  \ 
POLYESTER  5 
■(CAPACITOR) 


MINI  BOX 

MF  V  $  MF  V  $ 

.001  1000  .14  .039  250  .16 

.0012  1000  .14  .047  250  .13 

.0015  1000  .14  .056  250  .15 

.0018  1000  .14  .068  250  .15 

.0022  1000  ,14  ,082  250  ,17 

.0027  1000  .14  .1  100  .17 

.0033  1000  .14  .12  100  .18 

.0039  630  .14  .16  100  .20 

.0047  630  .14  .18  100  ,21 

.0056  630  .14  .22  100  .23 

.0068  630  .14  .27  1  00  .26 

.0082  630  .14  .33  1O0  .30 

.01  630  .14  .39  1  00  .33 

.012  630  .14  ,47  100  .36 

.015  400  .15  .56  100  .44 

.018  400  .15  .68  100  .47 

.022  400  .15  .82  100  .54 

.027  400  .15  1.0  100  .60 

.033  250  .15 


BUFFER 

REGISTERS/ 

MULTIPL 

IERS  LSI 

N8200N 

3.80 

N8233B 

1.50 

N8201N 

3.80 

N8234B 

1.50 

N8202N 

3.80 

N8235B 

1.50 

NB203N 

3.80 

N8242A 

2.80 

N8230N 

1.36 

N8263N 

10.20 

N8231B 

NB232B 

1.36 

1.50 

N8266B 

1.76 

POWER  SUPPLIES-ADTECH 


12  1.6 

15  1.5  30.95 

24  1.0 

28  O.B 


XR  FUNCTION 
GENERATOR 


XR-2206KA  SPECIAL  $1635 
|  Includes  monolithic  function  gen- 
71.20  I  erator  1C,  PC  board,  and  assembly 
I  instruction  manual. 

XR -2206 KB  SPECIAL  $2635 
Same  as  XR-2206KA  and  includes 
external  components  for PCboard. 


hlCTdJ  74C00 

TT  SERIES  CMOS 


LARGE  V 

EP1000  RED 

3  pcs  EP1000 

6  pcs  EP1000 

LITRONIX  3" 

DL707  RED 


(COMMON  ANODE)  Datasheet  EP1000J.25 


XCITON  .3" 

XAN72  RED 

XAN52  GREEN 

XAN82  YELLOW 
LITRONIX  .6” 
OL747  RED 


7400  .18 

7401  .20 

7402  .18 

7403  .20 

7404  .21 

7406  .23 

7406  .30 

7407  .36 

7408  .28 

7409  .28 

7410  .22 

7411  .26 

7412  .36 

7413  .54 

7414  .98 

7416  .42 

7417  .42 

7420  .15 

7421  .38 

7422  .60 

7423  .35 

7425  .40 

7426  .30 

7427  .36 

7428  .60 
7430  .26 


7432  .32 

7401 

7480 

m 

174128 

.60 

7433  .44 

7482 

1,50 

74132 

1.50 

7437  .36 

7483 

.82 

74136 

1.80 

743S  .35 

7485 

1.20. 

74141 

1.70 

7439  .36 

7486 

.44 

74145 

1.20 

7440  .20 

7489 

2.20 

74147 

2.00 

7441  .90 

7490 

.56 

74148 

1.80 

7442  .66 

7492 

.60 

74150 

1.70 

7443  ,7B 

7493 

.62 

74151 

1.20 

7444  1 .05 

7494 

.88 

74162 

1.20 

7445  1.05 

7495 

.90 

74153 

1.20 

7446  1 .05 

7496 

.80 

74154 

1.20 

7447  .98 

7497 

5.00 

74165 

1.10 

7448  .96 

74100 

1.20 

74156 

1.20 

7460  .15 

74105 

.90 

74157 

1.20 

7461  .16 

74107 

.40 

74158 

1.40 

7453  .18 

74109 

.45 

74160 

1.30 

7454  .18 

74110 

.80 

74161 

1.40 

7459  .25 

74111 

1.00 

74162 

1.90 

7460  .19 

74116 

2.00 

74163 

1.60 

7470  .40 

74118 

2.00 

74164 

1.60 

7472  .40 

74121 

.60 

74165 

1.60 

7473  .42 

74122 

.48 

74166 

1.60 

7474  .42 

74123 

.95 

74170 

2.00 

7476  ,70 

74126 

.55 

74173 

1.70 

7476  .44 

74126 

.60 

74174 

1.20 

74176  1.20 

74177  1.20 

74178  1.40 

74179  1.80 

74180  1.20 

74181  3.10 

74182  1.00 

74184  2.80 

74185  2.90 
74188  5.00 
74190  1.40 


4000AE  .2 

4001 AE  .2 
4002  AE  .2 
4006AE  1.3 
4007AE  ,2 

4008  A  E  1.4 
4009 A  E  .5 
4010AE  .5 

4011AE  ,2 

4012AE  .2 

4013AE  .4 

401  4  AE  1.2 
401  6AE  1.: 
4016AE  .E 
4017AE  1.C 

401  BA  E  1.2 
4019AE  ,E 
4020AE  1.* 

402  1  AE  1.2 
4022AE  1.C 


74LSOO 

.36  74LS51N  .44  74LS132N1.44 

.44  74LS54N  .44  74LS136N  ,74 

.36  74LS55N  .44  74LS138N1.60 

,50  74LS73N  .58  74LS139N1.95 

.44  74LS74N  .58  74LS145N1.64 

.44  74LS75N  .79  74LS151N1.5S 

.36  74LS76N  .62  74LS153N1.30 

.44  74LS78N  .92  74LS157N1.30 

.36  74LSB3AN  1.44  74LS15BN1.68 
.44  74LS85AN  2.1 0  74LS160N3.00 
.44  74LS86AN  56  74LS161N1.50 
.44  74LS9QAN  1.14  74  LSI  62N  1.60 
.44  74LS92AN  .86  74LS163N1.50 
.44  74LS93AN  .85  74LS164N1.60 
.44  74LS95AN  2.19  74LS170N3.20 
.36  74LS96AN  1.24  74LS174N1.30 
.44  74LS107N  .66  74LS175N1.30 
.56  74LS109N  .64  74LS181N5.90 
.50  74 LS  1 1 2N  .64  74LS190N2.85 
.68  74LS113N  .64  74LS191N2.70 
.44  74LS114N  .92  74LS192N1.90 
.92  74LS1 23N  1.10 

HIGH  SPEED  TTL 

.33  174 H 08 N  .40  I74H73N  .80  I 

.33  |74H10N  .33  174H74N  .80  I 

SCHOTTKY  TTL 

.44  74S11  .65  74S64  .BO 

.60  74S20  .65  74S74  .90 

.56  74S30  .80  74S76  1.15 

.80  74532  .80  74S112.  1.00 

.56  74S40  .65  74S113  1.50 

CMOS 

.20  |  4023 AE  .24  I  4051  AE  1.70 


4024 A  E  .95  1 
4025AE  .24 

4026 A E  2.50 
4027AE  .55 


4030 A  E  .40 
4033AE  2.00 
4035  AE  1.30 
4040AE  1.20 

4041  AE  1.25 

4042  AE  1.20 

4043 A  E  .96 
4044AE  1.10 
4046AE  3.10 
4047AE  2.60 
4048 A  E  1.43 
4049 A  E  .68 
4050AE  .58 


4052AE  1  40 
4053  AE  1.70 
4055AE  1.95 
4056AE  1.99 


4066AE  .90 

4058AE  .44 

4Q69AE  .44 
4070BE  .60 

4071  AE  .45 

4072  AE  .34 

4073AE  .40 

4075  AE  .40 
4076AE  1.24 
4077AE  .40 

4  078  A  E  .40 
4081  BE  .40 
4082 A  E  .39 


74LS193N1 .70 
74LS194AJ220 
74LS195AJ220 
74LS196N2.76 
74LS197N2.84 
74LS221 N1 .76 
74LS241  N3.00 
74LS251  N2.06 
74LS263N2.40 
74LS257N1.89 
74LS258N2.00 
74LS260N  .44 
74LS266N  .72 
74LS283N2.00 
74LS290N 1 .76 
74LS293N 1 .76 
74LS299N7.20 
74LS375N  .82 
74LS378N 1 .60 
74LS386N  .72 
74LS670N3.96 


74S114  1.20 

74S133  .80 

74S138  2.20 

74S151  2.20 

74S160  3.90 

74S257  2.40 

4093AE  1.65 
4095BE  1.95 
4098AE  2,50 
4099 AE  2.90 
4502  AE  1.50 
4507BE  .60 

4508BE  2.20 
4510AE  1.40 
451 1  BE  1.30 
4512BE  1.30 
4514AE  5.00 
4515AE  6.00 
4516AE  1.75 
4518AE  1.50 
452  OAE  1.28 
4528 AE  2.20 
4685AE  2.05 
4901  AE  .32 
4911  AE  .32 


L-15  PULSE/SWEEP  FUNCTION  GENERATOR  KIT 

^  _  .  FEATURES:  1  HZ  to  100  KHz  In  5  ranges,  at  con- 

rrant  amplitude  •  Sine  and  triangle  adjustable  to 
B  ^  ^  ~  B  20vp-p  into  600  ohms  *  Sine  distortion  it  .6% 
B  *  )  \  \  typical  •  Voltage  controlled  sweep  of  sine  and  trl- 

^ - - - -  angle  waves  *TTL  square  wave  has  b  fully  adjustable 

pulse  and  drives  600  ohms  *  Frequencies  of  lower 
then  1  Hz  and  greater  than  100  kHz  are  obtainable  "short  proof  • 
Complete  with  power  supply  Bnd  metal  case . $55.00 


CALIFORNIA 

CALIFORNIA 

ARIZONA 

OREGON 

GEORGIA 

ANCRONA 

ANCRDNA 

ANCRONA 

ANCRONA 

ANCRDNA 

11080  Jefferson  Blvd. 

1300  E.  Edinger  Ave. 

4518  E.  Broadway 

1125  N.E.  82nd  Ave. 

3330  Piedmont  Rd.  NE 

Culver  City,  C  A  90230 

Santa  Ana,  C  A  92705 

Tucson,  AZ  8571 1 

Portland,  OR  97220 

Atlanta,  GA  30305 

(213)  390-3595 

(714)  947-8424 

(602)  881-234B 

(503)  254-6541 

(404)  261-7100 

Mimimum  order  $10.00.  Add  $1 .00  to  cover  postage  and  handling. 
California  Residents  add  6%  sales  tax.  Mail  Order  —  Send  Check  or 
money  order  to:  P.O.  Box  2208P  Culvor  City,  CA  90230.  COD, 
Master  Charge  and  BankAmericard  Welcomed.  (Stores  do  not  accept 
mail  or  phone  orders.)  Books  will  be  shipped  by  4th  class  rate 

•  Phone  Order -Call:  (213)  641-4064 


CANADA.  B.C. 

ANCRDNA 

5656  Fraser  St. 


(423)  324-0707 
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World’s  Lowest 
1C  Prices 


*  SPECIAL  PRICES  * 


MEMORIES 

Rams 

2102  1.50  * 

Proms 

82S23'S123  1.95* 
TTL 


SCHOTTKY 

74501 

74502 
74S37 
74S30 
74S85 
74S113 
74S139 
74S140 
74S153 
74S172 
74S174 
74S175 
74S181 
74S197 
74S257 


HIGH  SPEED 

74H00 

74H01 

74H04 

74H10 

74H11 

74H40 

74H51 

74H52 

74H74 

74H103 

74H106 

LOW  POWER 
SCHOTTKY 
74LS00 
74LS02 
74LS08 
74LS10 
74LS27 
74LS73 
74LS75 
74LS151  1 

74LS153  1 

74LS157  1 

74LS161  1 

74LS163  1 

74LS164  1 

74LS174  1 

74LS175  1 

74LS193  1 

74LS221  1 

74LS251  1 

74LS2S3  1 

74LS257  1 

74LS258  1 

CMOS 

4001 

4002 
4006 


Order  Minimum  SI0  0O  Add  S t  00  shipping  and  handling  charge  per  order  California  residents  add  6*-  sales 
tan  Alt  orders  shipped  First  Class  within  24  hours 

Order  Ihe  tamous  lasis  6  volume  Programmed  Learning  Course  Microcomputer  Design  is  a  Snap'  lor 
599.50  and  receive  a  special  510.00  credit  on  any  group  ol  IC's. 

Satisfaction  100%  guaranteed.  C.O.D.  Orders.  Phone  (day  or  night)  408  354-1448 


Satisfaction  100%  guaranteed.  C.O.D.  Orders.  Phone  (day  or  night)  408<354-1448 

CITQfMd  P0  box  2542A 

V.LI  r\^/M  Sunnyvale,  CA  94087 

Free  monthly  catalog— Just  send  us  your  name  and  address 


CIRCLE  NO.  29  ON  FREE  INFORMATION  CARD 


PRINTED  CIRCUIT  BOARD 


COLOR  TV  CHASSIS  AND  RARTS—  ~  ^  , 

New  1976  moeld  solid  state  Color  TV  * 

chassis  and  parts  for  use  with  In-Line  black 
matrix  picture  tubes.  They  have  the  follow-  1 

ing  features:  micro-circuit  technology;  energy  save  f  Batura;,  tana 
button  color  tuning  AFC;  and  super  low  power  consumption. 

We  basicly  have  two  chassis':  the  TS951  and  TS953,  used  to 
drive  either  13",  15"  or  19"  picture  tubes.  Parts  to  be  added  to 
make  a  complete  TV  include:  UHF  and  VHF  tuners  (for  19"); 
picture  tube,  tube  shield;  purity  magnets;  antenna;  yoke;  speak¬ 
er;  binding  posts;  cabinet;  controls  for  19"  (on-off  and  four-lOK 
pots);  and  2nd  stage  hi-voltage  boost  (for  13"  and  15"). 

We  don't  have  a  complete  package,  but  we  do  have  some  parts 
available  at  this  time.  Add  a  few  parts  ...  a  TV  for  14  price! 

13"  TV  Chassis  (with  tuners  &  controls).  .  .6Z60175.  .  $49.50 

15"  TV  Chassis  (with  tuners  &  controls).  .  .6Z60174.  .  $49.50 

19"  TV  Chassis  (no  tuners,  no  controls)  .  .  6Z60172  .  .  $29.50 

VHF  Tuner  .  6Z60303  .$8.50  UHF  Tuner  .  6Z60304  .  $2.50 
Antenna  .  .5MI00419  .  .$1.50  TV  Speaker  .  6Z60177  .  $3.50 
Binding  Posts  4M 1 00442. $1.50 


INPUT/OUTPUT  TERMINAL 

These  units  were  removed  from  a  complex  B 
computer  system.  The  terminal  contains: 

ASC1 1  keyboard;  CRT;  drive  circuits;  and  a  ZwKy  !“?  SmI 
complete  128  page  tech,  manual  with  oper-  .vbxwB' 

ating  and  repair  instructions,  which  makes  it 
easy  to  modify  the  terminal  for  your  applications.  (Character 
generation  unit  was  in  a  separate  control  device  which  is  not 
supplied,  but  the  terminal  can  be  used  in  conjuction  with  char¬ 
acter  generator  LSI  chips,  such  as  the  2513  or  2516). 

The  keyboard  is  ASCII  encoded,  with  a  50  key  alpha-numeric 
(and  others)  block  keyboard.  The  CRT  displays  up  to  768  char¬ 
acters,  depending  on  the  desired  size,  approximately  typewriter 
size  up  to  Great  for  microprocessor  in/ouput.  Sh.  Wt.  35  Lb. 
Order  if  6NB60336  -  $49.50  ea.,  or  2  for  $95.00,  4  for  $180.00 


B&F  ENTERPRISES  POSTAGE:  Please  add 
119  FOSTER  STREET  sufficient  postage. 

PEABODY,  MA.  01960  SEND  FOR  OUR  FREE  CATALOG! 
Phone  (617)  531-5774  Over  4,000  electronic  &  optical  item* 


PHONE  ORDERS  WELCOME!  MasterCharge, 
Bank  Amimcard  and  American  EKPttts  Accepted 
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2522  STATIC  SHIFT  RE6  .  . 

-  -  S2.75 

INTEL  8080  CPU  . 

.  .  S24.50 

2518-HEX  32  BIT  SR . 

.  .  $5.00 

2102-1  1024  BTRAM . 

.  .  SI. 80 

5280-4 K  DYNAMIC  RAM  .  .  . 

.  .  $10.50 

5202A  UV  PROM  . 

.  .  S10.50 

MM5203  UV  PROM . 

.  .  S10.50 

1702AUVPROM  . 

.  .  $10.75 

5204-4K  PROM . 

.  .  $18.95 

TANTULUM  CAPACITORS 


Futf  Wave  Bridges 


LIGHT  ACTIVATED  SCR’s 

TO-18,  200V  1  A . 

.  $  1.75 

TRANSISTOR  SPECIALS 

2N3585  NPN  $i  TO-66  .... 

.  .  .  .  S  .95 

2N3772  NPN  Si  TO-3  .... 

.  ...  S  1.60 

2N4908  PNP  Si  TO-3  .... 

.  .  .  .  $  1.00 

2N6056  NPN  Si  TO-3  Darlington  .  S  1.70 

2N5086  PNP  Si  TO-92  .... 

.  .  4/S  1 .00 

2N4898  PNP  TO-66 . 

.  .  .  S  .60 

2N404  PNP  GE  TO-5  .... 

.  5/S  1 .00 

2N3919  NPN  $i  TO-3  RF  .  . 

...  S  1.50 

MPSA  13  NPN  Si  TO-92 

.  .  3/S  1 .00 

2N3767  NPN  Si  TO-66  .... 

.  .  .  S  .70 

2N2222  NPN  Si  TO-18  .... 

.  .  5/S  1 .00 

2N3055  NPN  Si  TO-3  .... 

...  $  .80 

2N3904  NPN  Si  TO-92  .... 

.  .  5/$  1 .00 

2N3906  PNP  Si  TO-92  .... 

.  .  5/S  1 .00 

2N  5296  NPN  Si  T0-220  .  .  . 

...  $  .50 

2N6109  PNP  Si  TO-220.  .  .  . 

...  $  .55 

2N3638  PNP  Si  TO-5  .... 

.  .  5/$  1 .00 

2N65I  7  NPN  TO-92  $i  .... 

.  .  3/$  1 .00 

C/MOS  (DIODE  CLAMPED) 

74C02—  .22  4015-  .95 

4035-1.10 

74C10-  .22  4016-  .40 

4042-  .78 

4001-  .22  4017-1.05 

4047-2.00 

4002-  .22  4018-1.00 

4049-  .40 

4006-1.20  4019-  .22 

4050-  .40 

4007-  .22  4022-  .95 

4066-  .80 

4009-  .42  4027-  .40 

4071-  .22 

4010-  .42  4028-  .88 

4076-  .70 

4011-  .22  4029-1.10 

4081-  .22 

4012-  .22  4030-  .22 

4520-1.15 

4013-  .40 

1  LED  READOUTS 

FND  500-.5”  C.C . 

.  .  .  .  SI  .75 

HP  7740-.3"  C.C . 

.  .  .  .  $1.40 

j  MAN-7-.3”  C.A . 

. $125 

NS  33-3  dig.  array  . 

. $1.35 

DL  747  . 

. S2.50 

7  WATT LD -65 LASER  DIODE  IR  $8.95. 

2N  3820  P  FET . 

.  .  .  S  .45 

2N  5457  N  FET . 

.  .  .  $  .-15 

TIS43UJT  . 

.  .  S  .35 

ER  900  TRIGGER  DIODES.  .  .  . 

.  4/SI .00 

2N  6028  PROG.  UJT  . 

.  .  S  .65 

VERIPAX  PC  BOARD 

This  board  is  a  1/16"  single  sided  paper  epoxy 

board,  4VJ"x6'/i''  DRILLED  and 

ETCHED 

which  will  hold  up  to  21  single  14  pin  IC's  i 

or  8,  16,  or  LSI  DIP  IC’s  with 

busses  for 

power  supply  connector . 

.  .  .  S4.00 

MV  5691  YELLOW-GREEN 

BIPOLAR  LED . 

.  .  .  SI  .25 

FP  100  PHOTO  TRANS . 

.  .  .  S  ,50 

RED.  YELLOW,  GREEN  OR 

AMBER  LARGE  LED's 

.  ea.  S  ,20 

14  PIN  DIP  SOCKETS . 

.  .  .  S  .25 

16  PIN  DIP  SOCKETS . 

.  .  .  S  .28 

MOLEXPINS  . 

100/51.00 

1000/  S7.50 

8  PIN  MINI  DIP  SOCKETS  .  .  . 

.  ,  .  S  .25  1 

MYiiiriinrrnfflmra 

1  WATT  ZENERS  4.7,  5.6,  10,  12.  15, 

18  OR  22V  . ea.  S  .25 

.22UF  35V  5/51.00 

4.7UF  35V  4/SI. 00 

.47UF  35V  5/SI. 00 

6.8UF  35V  3/SI. 00 

G8UF  35V  5/S  1.00 

22UF  35V 

S  .40 

1UF  35V  5/SI. 00 

33UF  35V 

S  .40 

2.2UF  20V  5/S  1.00 

30UF6V  5/SI. 00 

3.3UF  35V  4'$1.00 

100UF  35V 

S  .50 

150UF  15V 

S  .50 

NATIONAL 

MM1402-  1.75 
MM1403-  1.75 
MM1 404-  1.75 
MM5013-  2.50 
MM5016-  2.50 
MM5017-  2.70 
MM5055-  2.25 
MM5056-  2.25 


MOS  DEVICES 

MM5057-  2.25 
MM5058-  2.75 
MM5060  —  2.75 
MM5061-  2.50 
MM5555—  4.75 
MM5556  -  4.75 
MM5210—  195 
MM5260-  1.75 


Send  25i  for  our  catalog  featuring 
Transistors  and  Rectifiers 
145  Hampshire  St.,  Cambridge,  Mass. 


Terms:  FOB  Cambridge,  Mass. 
Send  Check  or  Money  Order. 
Include  Postage,  Minimum 
Order  $5.00,  COD’S  $20.00 


SILICON  SOLAR  CELLS 

2%"  diameter 

,4V  at  500  ma _ $5.00  ea.,  6/S27.50 


REGULATED  MODULAR 

POWER  SUPPLIES 

+  —  1 5  VDC  AT  lOOma 

115VAC  INPUT . 

S27.95 

5VOC  AT  1A.  115VAC  INPUT  .  .  . 

$24.95 

12  VDC  AT  SAMP . 

$24.95 

MINIATURE  DIP  SWITCHES 
CTS-206-4  Four  SPST  switches 

in  one  minidip  package.  ,  .  Si. 75 
CTS-206-8  Eight  SPST  switches  in  a  16 
pin  DIP  package.  ....  S2.85 


AY-5-1013-A30K  ser./par.,  par./ser„  uni¬ 
versal  UART.  . . $6.95 


ALCO  MINIATURE  TOGGLE  SWITCHES 

MTA  106SPDT . SI  .20 

MTA  206  DPDT . $1 .70 


CCD  201  -  100  x  100  CHARGE 
COUPLED  DEVICE . 

$135.00 

LINEAR  CIRCUITS 

LM307  —Op.  Amp . 

.  S  .30 

LM  309K  5V  1A  REGULATOR  . 

.  S  ,95 

723—  40  +  40VV  REGULATOR  .  , 

.  S  .50 

301  /748-Hi  Per.  Op.  Amp . 

.  S  .31 

320T  5.12,15,  or  24V  N EG  REG  . 

.  S  1.25 

709C  -  Op.  Amp . 

•  3  .31 

741 A  or  741  C  OP  AMP . 

.  S  .31 

710  COMPARATOR . 

.  S  .35 

CA  3047  Hi  Pef.  Op.  Amp . 

,  .  S  .95 

340T  5,  6,  8,  12,  15.  18.24V  POS 

REG.  TO-220  . 

.  SI. 10 

101  OPER.  AMP.  HI  PERFORM.  . 

.  S  75 

LM  308  Oper.  Amp.,  Low  Power  . 

.  S  .95 

747  -DUAL  741  . 

.  S  .65 

556  -DUAL  TIMER  . 

.  SI. 00 

537  -  PRECISION  OP.  AMP.  .  .  . 

.  SI  70 

LM  3900  -  QUAD  OP.  AMP  .  .  . 

■  S  .49 

LM  324  -  QUAD  741  . 

•  SI. 50 

560  -  PHASE  LOCK  LOOP  .  .  . 

-  S2.00 

561  -  PHASE  LOCK  LOOP  ,  .  . 

.  S2.00 

565  -  PHASE  LOCK  LOOP  .  .  . 

-  '  $1.25 

566  FUNCTION  GEN . 

.  SI  .65 

567 -TONE  DECODER  . 

-  Si. 50 

LM  1  31  ON  FM  STEREO  DEMOD. 

•  S2.75 

8038  1C  VOLTAGE  CONT.  DSC. 

.  S3. 90 

LM  370  -  AGC  SOUELCH  AMP. 

-  SI. 15 

555-2ms-2  HR.  TIMER . 

.  S  .45 

553  QUAD  TIMER . 

•  S2.50 

FCD  810  OPTO- ISOLATOR  .  .  . 

.  S  .80 

1458  DUAL  OP  AMP . 

-  $  .60 

LM  380  -  2W  AUDIO  AMP.  ... 

.  S  .95 

LM  377  -  2W  Stereo  Audio  Amp. 

.  S2.50 

LM  381  -STEREO  PREAMP.  .. 

.  $1.50 

LM  3B2  -  DUAL  AUDIO  PREAMP 

$1.50 

LM  311  -  HI  PER.  COMPARATOR 

S  .90 

LM  319  —  Dual  Hi  Speed  Comp.  . 

.  SI  .25 

LM  339  -  QUAD  COMPARATOR 

SI. 50 

TRIACS 


SCR’S 


o 


SOLID  STATE  SALES 

P.O.  BOX  74A 

SOMERVILLE,  MASS.  02143  TEL.  (617)  547-4005 


WE  SHIP  OVER  95% 
OF  OUR  ORDERS  THE 
DAY  WE  RECEIVE  THEM 
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Popular  Electronics 

FEBRUARY  1977 
ADVERTISERS  INDEX 


READER 

SERVICE  NO.  ADVERTISER  PAGE  NO. 


1  A  P  Products,  Inc .  39 

2  Ace  Electronics . . .  98 

Acoustic  Fiber  Sound  Systems,  Inc.  ...  29 

4  Adva  Electronics .  98 

6  Advanced  1C  Electronics  . .  97 

7  Advanced  Microcomputer  Products  ...102 

8  Allison  Automotive  Company .  48 

9  Aluminum  Industries  of  Arkansas .  61 

65  American  Audioport .  95 

10  Ancrona  Corp  . 113 

11  Aries,  Inc . 115 

12  Associated  Electronics .  74 

69  Audio  Technica  U.S.,  Inc .  16 

13  B&F  Enterprises  . 114 

14  B&K  Precision,  Product  of  Dynascan  ...  27 

17  Bullet  Electronics . 106 


16  CB  Radio  Repair  Course,  Inc  . .  94 


CREl  Capitol  Radio  Engineering 

Institute . 18,  19,  20,  21 

Cleveland  Institute  of 

Electronics,  Inc . 52,  53,  54,  55 

15  Cobra,  Division  of 

Dynascan . SECOND  COVER 

18  Continental  Specialties  Corporation  ...  2 

,  19  Delta  Products,  Inc .  65 

20  Uigi-Key  Corporation  . 107 

21  Digital  Group,  The .  88 

68  Discwasher,  Inc . FOURTH  COVER 

Dixie  Hi-Hdelity .  93 

22  EICO .  14 

23  Edlie  Electronics,  Inc . 112 

24  Edmund  Scientific  Co . 108 

25  Edmund  Scientific  Co . 116 

26  Edmund  Scientific  Co . 116 

28  Electronic  Distributors  Inc . 112 

29  Eltron  . .114 

30  Empire  Scientific  Corp .  6 

32  Godbout  Electronics,  Bill . 106 

34  Grantham  School  of  Engineering . 92 

5  Heath  Company . 70,  71,  72,  73 

35  IMSAI  Manufacturing  Corporation  ....  30 

36  Ignition  Systems  Inc  .  94 

37  Illinois  Audio .  96 


38  International  Electronics  Unlimited  ...110 


67 

39 

40 


JS&A . 

James  Electronics . 

Jensen  Tools  and  Alloys 


,  .  .  ,  1 
104, 105 
....  93 


41  LDF  Semiconductor  .  94 

42  Leader  Instrument  Corp  .  39 


43  MITS .  36 

44  McIntosh  Laboratory  Inc .  93 


NRI  Schools . 8,  9,  10,  11 

National  Technical  Schools  .  .80,  81,  82,  83 
45  New-Tone . 103 


46  OK  Machine  &  Tool  Corporation .  67 

66  Olson  Electronics  .  96 

47  Optoelectronics . 109 


48  PAI A  . 

49  Poly  Paks . 

50  Poly  Paks . 

51  Polymorphic  Systems 


94 

101 

102 

92 


52 

53 

54 

55 

56 

57 

58 

59 

60 


27 

61 

62 

63 


Quest  Electronics . 106 

Radio  Shack  .  5 

S.D.  Sales  Co  . • 

Shakespeare  Company/ Antenna  Group  33 

Shure  Brothers  Inc .  84 

Sinclair  Instruments  Inc .  91 

Solid  State  Sales . 114 

Southwest  Technical  Products  Corp  .  .  7 

Stanton  Magnetics,  Inc  .  .  .  .THIRD  COVER 
Surplus  Center .  97 

Tab  Books  . , .  7§ 

Technics  By  Panasonic .  13 

Technology  Trends .  89 

Tram/Diamond  Corporation .  35 


64  Weller-Xcelitem  Inc 
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CLASSIFIED  ADVERTISING 

97,  98,  102,  106,  108,  110,  112,  115 
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HOME  ENTERTAINMENT  FILMS 


SPEND  CHRISTMAS  DOLLARS  ON  SPORTLITE  FILMS! 
Don't  Wait  /  See  Super  Bowl  X  (Pittsburgh  Stealers  /Dallas 
Cowboys).  200’  Color,  Super  or  Standard  0,  $19.95  or  200' 
of  B&W,  $8.95  —  we  pay  the  postage.  1975  Indy  '’500" 
Speedway  Spectacular,  200’  of  Super  8  Eastman  Color, 
$18.95  PPD  with  script.  1975  World  Series  (Red  Sox  /  Cinci 
Red9  —  7  games  to  a  virtual  draw),  same  format  as  foot¬ 
ball,  $19.95  Color,  $8.95  B&W  each  PPD.  Indicate  size. 
Columbia  and  Castle  Catalogs,  50  cents  each;  Sportlite 
order  forms,  35  cents  (coins  or  stamps,  pis).  SPORTLITE, 
Elect-2,  20  North  Wacker,  Chicago,  IL  60606. 


BUSINESS  OPPORTUNITIES 


I  MADE  $40,000.00  Year  by  Mailorder!  Helped  others  make 
money!  Free  Proof.  Torrey,  Box  318-NN,  Ypsilanti, 
Michigan  48197. _ 


PROFITABLE  ONE-MAN 

ELECTRONIC  FACTORY 

Investment  unnecessary,  knowledge  not  required, 
sales  handled  by  professionals.  Postcard  brings 
facts  about  this  unusual  opportunity.  Write  today! 
Barta-OM,  Box  248,  Walnut  Creek,  CA  94597. 


HOW  TO  MAKE  $2,000  WEEKLY  at  home  using  other  peo¬ 
ple’s  money.  Guaranteed.  Free  Details.  Richlieu,  Box 

25357,  Dept.  F2,  Houston  77005. _ 

$200.00  DAY  POSSIBLE.  Must  know  electronics.  Prelim- 
inaries  $3.50.  Box  809,  Boynton  Beach,  Fla.  33435. 

$250  per  thousand,  free  supplies.  Rush  stamped,  ad¬ 
dressed  envelope.  Lola  Hamilton,  E-12,  P.O.  Box  227, 
Princeton,  ME  04668.  1 

FREE  CATALOGS.  Repair  air  conditioning,  refrigeration. 
Tools,  supplies,  full  instructions.  Doolin,  2016  Canton, 

Dallas,  Texas  75201. _ 

MAILORDER  MILLIONAIRE  helps  beginners  make  $500 
weekly.  Free  report  reveals  secret  plan!  Executive  (1K2), 

333  North  Michigan,  Chicago  60601. _ 

GET  RICH  with  Secret  Law  that  smashes  debts  and  brings 
you  $500  to  $5  Million  cash.  Free  report!  Credit  4K2,  333 
North  Michigan,  Chicago  60601. _ 

FREE  SECRET  BOOK  "2042  UNIQUE.  Proven  Enterprises" 
Fabulous  “Little  Knowns".  Work  home!  Haylings-B,  Carls- 

bad,  Calif.  92008. _ 

SPARE  TIME  CASH.  Sell  famous  Hanover  Shoes.  Samples, 
sales  kits  free.  No  experience  needed.  No  age  limit.  Big 
commissions.  Hanover  Shoe,  Dept.  1818,  Hanover,  PA 
17331. 

$193.00  WEEKLY.  GUARANTEED!  Your  home.  One  hour 
daily.  Free  details  —  Professional,  Box  24543-X,  Saint 

Louis,  Missouri  63141. _ 

BIG  PROFIT  in  Real  Estate,  learn  from  an  expert  how  to 
Successfully  buy  and  sell  residential  and  investment  prop¬ 
erties,  plus  BONUS  Real  Estate  definitions  $2.95:  LINPAUL 
ENTERPRISES,  Box  60,  Dept.  PE  21.  West  New  York,  N,J, 
07093. 

FREE:  CASH  NEWSLETTER  with:  How  To  Make  $50  Any¬ 
time  you  need  it,  guaranteed.  Plus:  How  to  start  $20,000  + 
busines9  (nothing  to  buy,  ever)  working  five  hours  weekly. 
All  only  $2:  CASHCO,  2232-E  Arrowhead  Ave.,  Brooksville, 
FL  33512. 


BOOKS  AND  MAGAZINES 


FREE  book  prophet  Elijah  coming  before  Christ.  Wonderful 
bible  evidence.  Megiddo  Mission,  Dept.  64,  481  Thurston 

Rd.,  Rochester,  N.Y,  14619. _ 

THE  AUDIO  AMATEUR— A  quarterly  publication  for  the 
serious  audio  constructor.  Free  prospectus.  The  Audio 

Amateur,  Box  176Z,  Peterborough,  N.H.  03458, _ 

ELECTROPLATING,  Complete  amateur’s  textbook.  All 
metals.  Electroplate  metallic/honmetallic  items,  $7.00.  De¬ 
tails  free.  Tropic,  Box  95-P2,  Palm  Bay,  Fla.  32905. 

MUSICAL  INSTRUMENTS 


UP  TO  60%  DISCOUNT.  Name  brand  instruments  catalog. 
Freeport  Music,  1 14  G.  Mahan  St.,  W.  Babylon,  N.Y.  11704. 


MISCELLANEOUS 


WINEMAKERS:  Free  illustrated  catalog  yeasts,  equipment. 

Semplex,  Box  12276P,  Minneapolis,  Minn.  55412. _ 

NEW  LUXURY  CAR  Without  Cost.  Free  Details!  Codex-ZZ, 
Box  6073,  Toledo,  Ohio  43614. 


ARIES  brought  you  the  first  calculator  kit,  and  the 
first  digital  clock  kit . .  .  and  now  brings  you  three 
of  the  most  innovative  electronic  kits  ever  made. 
The  System  300  Electronic  Music  Synthesizer  kit  is 
the  most  advanced  in  the  world  today,  regardless  of 
price.  The  AR-781  is  a  space-age  beauty  for  any 
decor.  And  the  wholly  solid  state  AR-830  does 
the  work  of  a  $400.00  tape  memory  unit. 


WARNING  ...  if  you’re  interested  in  a  music  syn¬ 
thesizer,  don’t  make  a  move  until  you  see  our  cat¬ 
alog  first.  It’s  more  like  a  handbook  than  a  catalog, 
with  hundreds  of  in-depth  photographs  and  descrip¬ 
tions  to  explain  electronic  music  principles,  and  to 
show  equipment  to  do  the  job.  ARIES  now  offers 
a  complete  complement  of  modules,  keyboards,  and 
cases,  matched  to  the  most  rigorous  professional 
standards.  Starter  systems  priced  as  low  as  $395.00. 

A  clear,  ruby-red  cylinder 
shows  off  all  six  digits  of 
this  modern  calendar  clock. 

Easy-to-read  numbers  show 
the  hours,  minutes,  and  sec¬ 
onds,  as  well  as  the  month 
and  day  every  ten  seconds. 

Red  LED  7-segment  numerals  are  0.33”  high,  in  a 
sturdy  cylinder  2-1/2”  in  diameter  and  4-3/4”  long, 
with  finished  hardwood  ends.  Time  and  calendar 
are  controlled  by  60  Hz  line  frequency,  with  a  12- 
month  movement.  Separate  time  and  calendar  adj¬ 
ustments.  Includes  all  the  components,  PC  boards, 
housing,  and  instructions.  Shipping  weight  2  lbs. 
AR-781  Clock  Kit . . . $34.50 

Add  finger-touch  operation 
to  your  old-fashioned  dial 
telephone  with  an  ARIES 
AR-830  Automatic  Digital 
Telephone  Dialer.  This  has 
the  same  layout  and  con¬ 
venience  as  Ma  Bell,  plus  other  features  she  doesn’t 
offer  yet.  For  instance  .  .  .  AR-830  always  remem¬ 
bers  the  last  number  you  dialed,  in  case  the  line  was 
busy  and  you  want  to  try  again  later.  Not  only 
that,  but  the  Dialer’s  memory  can  store  as  many  as 
ten  of  your  favorite  numbers  for  one-touch  dialing. 
AR-830  uses  standard  dialing  and  muting  contacts; 
consult  local  tariffs  before  connecting.  Sh.  wt.  2  lbs. 
AR-830  Dialer  Kit . . . . $69.50 

ARIES  INC. 

BOX  808 

Peabody,  Mass.,  01960 

(617)  744-2400 

CIRCLE  NO.  11  ON  FREE  INFORMATION  CARD 


Retail  Display  Plan 

All  magazine  retailers  in  the 
United  States  and  Canada  in¬ 
terested  in  earning  an  allow¬ 
ance  for  the  display  and  sale  of 
publications  of  the  Ziff-Davis 
Publishing  Company  are  invited 
to  write  for  details.  Sales  Man¬ 
ager,  Select  Magazines,  229 
Park  Avenue  South,  New  York, 
New  York  10003. 
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AMAZING  &  HARD-TO-FIND 
SCIENCE  BUYS! 

ALTERNATE  ENERGY 
SPACE  AGE  •  HOBBIES 


SUPER  POWER  FOR  ANY  AM  RADJO 

Antenna  assist  has  pulled  in 
stations  1000  miles  off!  No. 
wires,  clips,  grounding.  Solid 
state — no  elec.,  batts.,  tubes. 

No.  72.095AVB  $19.95  Ppd. 

ULTRA  SELECT-A-TENNA 
(OVER  1000  MILES) 

No.  72.147AVB . $24.95 

SOLAR  ENERGY  CUBE  , 

Demonstration  of  sunlight  con- 

verting  to  kinetic  energy!  Clear 

plastic  cube  in  sun  with  its  3  3gM| 

silicon  solar  cells  powers  motor 

to  whirl  the  propeller.  Actually  '  ^ 

produces  1.5v  DC,  825  ma.  *v  “tF-t 

No.  42.287AVB  (4x4x4“) . $23.95 


SAVE  50% !  8  x  20  MONOCULAR 

Top  quality  Spy  Scope,  a  $30 

value,  now  $14.95!  Special  pur- 

chase  saves  you  50%.  100%  ^ 

coated  optics;  393  ft.  field  of  jg 

view.  Only  2  oz.— stores  in  ^ 1 

pocket,  purse,  glove  box.  mm 

No.1568AVB  $14.95  Ppd.  I - _ - 

NASA-CHOSEN  FOR  APOLLO/SOYuF 

The  Astronauts  used  this  super  ’ 

20X60  binocular  (modified)  to  j^E^B 

view  Earth!  Big  60  mm  objective  ■||l 

lenses;  173-ft.  field  of  view  at 
1000  yds.  Relative  brightness, 

9.0.  Fully  coated  optics,  more!  S|  ^B 

No.  1556AVB . (9V4X8%“;  47.5  oz)  $99.95  Ppd. 

ELECTRONIC  SOUND  COLLECTOR 

Tune  in  a  whisper  at  20  ft.,  nor- 

mal  conversations  up  to  100  ft.,  ^^BL 

birdcalls  &  high  freq.  sounds  at 

almost  200  ft.  Nearly  twice  as  \  7  JUp 

far  over  water!  Check  on  baby,  W 

birds!  18"  refl.  disc,  mike.  etc.  X 

No.  80,176AVB$36.25  Ppd.  \  //tv\ _ 

LOW  COST  PORT.  INFRA-RED  EYE 

Self-cont.  scope  (90 '  nite  vision) 
has  6032  IR  converter  tube, 

f/3.5  telephoto  lens,  adjust.  ] 

triplet  eyepiece.  1.6X  Not  avail.  SBBBBH^^H 

to  Cal.  res.  except  spec,  au-  w~* 

th'd. 

No.  1683AVB  (6,1 2v  DC) . $299.95  Ppd. 

No.  1685AVB  (SUPER  2.5X  BINOC.  )$329.95  Ppd, 

MEASURE  WIND  SPEED  ANYWHERE 

Hold  handy  (16  oz.!)  low  cost 

Anemometer  into  the  wind,  BPnA 

quickly  read  wind  speed  on.  its  r  — .  flisDiSs 

big  dial— from  5  to  70mph.  Acc. 
to  ±3%  of  full  scale  (2.1  mph); 
no  batts.,  adjustments,  recali-  \  ^B^B 

brationreq.!  - - 

No.  42,428AVB  {TVi"  HIGH) . $19.95  Ppd. 

OUR  MYSTICAL  MUSICAL  MACHINE 

.  .  .  gets  it  on!  Automatic  256-  /  J*  O 

note  pseudo-random  tone  pat- 

tern.  Adjust  beat,  vol.,  pitch; 

finger  3  photocells  to  creatively 

vary  tone  of  continuous  "music. 

Output  jack  for  patching,  re- 

corder!  1.3  lb.  V 

No.  72.203AVB  (INCLS.  9v  BATT.) ....$59.95  Ppd. 

110V  FUEL  MISER  RECLAIMS  HEAT 

Save  your  40%  wasted  heat  to  * 

warm  a  basement,  garage,  rec  B^MBk 

rm.  at  no  extra  cost!  Direct  it  *£raS^BF 

your  way  instead  of  up  the 

chimney.  Fan-forced  clean  hot 

air  via  easy  ducting! 

No.  19,1 94 A VB  (S'  DIA.)  Shpg.17  lb.  ..$121.50  FOB 
N0.19.195AVB  (6"  DIA.) 
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QUALITY  DETECTOR  UNDER  $40 

Our  fully  transistorized  BF0  unit 
can  locate  a  quarter  at  18“. 

Powerful  6  trans. -oscillator- 
amplifier  circuit.  Comp,  to 
others  priced  50%  more!  Alumi¬ 
num,  just  2  lb. 

No.  80, 222AVB  $39.95  Ppd. 


^T-T - 1  THERE  IS  NO  OTHER  TELESCOPE  LIKE  IT! 

NEW  EDMUND  4W;  1/4 
□C  7  NEWTONIAN  WIDE  FIELD 

5F/  jS1  REFLECTOR  TELESCOPE 

Clear ,  bright,  spectacular  wide  angle  views  of 
stars>  moon’  comets . . .  easy  to  use...  portable l 

in  SECONDS  YOU’RE  SCANNING  THE  ASTOUNDING  UNIVERSE,  able  to 
see  and  study  the  breath-taking  cosmos  as  perhaps  you  never  have  before 
::BB  . . .  awesome  vastness,  unbelievable  orderliness,  stark  silent  beauty.  All  the 
fascinating  heavenly  mysteries  are  yours  to  enter  and  explore.  This  new 
reflector  telescope  makes  it  easy  for  everyone  to  span  a  thousand  lig  ht-years  to 
mi  space-age  enjoyment  of  the  heavens  and  outdoors.  No  complicated  set  up!  Just 

insert  the  eyepiece,  focus,  and  its  big  3Y2’’  field  of  view  gives  you  more  stars  in  a 
*  single  view  than  any  other  type  of  telescope.  Bright,  crisp,  finely  resolved  images 

|u  %  -*1**  %  Hr  to  capture  your  interest  and  imagination.  It  s  probably  the  easiest  to  use  telescope 

Him  ~  CjHMa.-  '  '1|^Br\  ever  ..  overyourshoulder,  in  your  lap.  on  a  tripod.  Or  just  rotate  thespherical  base 
\  on  its  own  mount  for  use  on  a  table,  car  hood.  Take  it  anywhere  (only  17',  10  lb.). 
\  Top  quality  optical  system;  4  Vi”,  f/4  parabolic  primary  mirror  (Vfe  wave.  17“  F.L.j; 
™  w  ‘  prealigned  Wj  wave  diagonal  on  a  coated  optical  window  seals  optics  from  moisture 

,  .  ,  \  and  dust;  20mm  Kellner  eyepiece  (gives  15X.  higher  without  other  eyepiece  or 

ii  ■  Barlow).  Fast  focusing  (25‘  to  infinity).  Bright  Scharfanian  red  (doesn't  impair  night 

^BHH  vision);  adj.  carrying  strap.  A  "first”  scope  "must". 

an  ideal  second  scope!  _ „ _ $140  95 

There  is  no  other  telescope  like  It.  NO.  2001 AV  B  ■  tiJ 

The  Edmund  BI0S0NE II 

turns  brainwaves  into  an  audible  or  visual  signal.  $149.95 

^  <4  KNOW  YOUR  ALPHA  FROM  YOUR  THETA! 

For  greater  relaxation,  concentration . . . 
monitor  your  alpha/theta  brainwaves. 

Features  Normally  Found  Only  In  Units  Selling  For 
More  Than  $200.00 — And  3  Feedback  Modes. 

Theporfab/e,  professional  quality  Edmund  Biosone  II  boasts  3  feedback 
modes— LED  FM  tone,  threshold  tone;  a  test  mode  to  check  overall 
system  of  operation.  Easy  to  use.  this  beautiful  4-pound,  simulated 
walnut  unit  O’/z  x  5%  x  4V)  can  be  operated  at  home,  in  office  or  clinic.  It 
gives  you  outputs  to  allow  further  monitoring  of  logic  signal,  raw  EEG, 
filter  output,  meter,  and  FM.  Total  brainwave  monitoring  capability,  incl. 
filter  select  feedback,  with  wide  range  calibration  sensitivity  control 
(5-100  microvolts).  Completely  safe,  the  Edmund  Biosone  II  is  similar  to 
an  electroencephalograph  (EEG),  enabling  you  to  identify  the  electro¬ 
chemical  activity  that  exists  at  all  times  in  the  human  brain.  In  addition  to 
letting  you  know  when  you're  most  relaxed.  Biosone  II  is  a  great 
conversation  piece.  Included  at  its  low  price  are  a  set  of  electrodes,  an 
earphone  jack  for  private  use.  Uses  latest  advances  in  linear  circuitry, 
runs  on  two  9v  transistor  batteries  (not  included). 

STOCK  NO.  1668AVB . Justs149.95  ppd. 

_ LOW  COST  STARTERS'  UNIT,  No.  71,8Q9AVB  .....  $59.95  ppd. 

“SEE”  MUSIC  IN  PULSATING  COLOR 


Vi)  W)W 


ASSEMBLED  $-|Q50 
NO.  42.309AVB  I  O  Ppd 

UNASSEMBLED,  IN  KIT  FORM 

$1E95 

No.  42.336AVB  ONLY  •  U  Ppi 


The  Edmund  $  1 Q  50 

3-Channel  Color  Organ  1 0 

COMPLETELY  ASSEMBLED!  LESS  THAN 
HALF  THE  PRICE  OF  OTHER  MODELS! 


Create  your  own  audio  "light  show’’,  add  a  new 
dimension  to  your  music  listening  pleasure  with 
the  bargain-priced  Edmund  3-Channel  Sound  To 
Light  Control.  Lets  you  modulate  3  independent  strings  of 
colored  lamps  with  the  intensity  of  your  music.  They  flash  and 
5U  vary  in  brightness  related  to  the  music’s  rhythm,  pitch  and 
volume — a  pulsating  light  performance  to  music!  You  get 
volume  and  frequency  sensitivity  to  a  peak  rating  of  300  watts 
per  channel.  Just  plug  in  your  favorite  colored  flood  or  spot- 
95  light,  and  turn  on!  Great  price,  too.  This  high  quality,  fully 
Ppd.  assembled  unit  in  metal  housing,  with  3  individually  controlled 
circuits,  is  priced  a I  less  than  half  that  of  others.  Complete 
instructions  are  included  with  this  terrific  value. 
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EDMUNO  SCIENTIFIC  CO.  300  Edscorp  Bldg.,  Barrington, 
Send  me  the  following: 


■  DSEND  FREE 

164  PG.  CATALOG  "AVB" 


Charge  my  □  American  Exp. 

□  BankAmericard  □  Master  Chg. 

Interbank  No - 


EDMUND  SCIENTIFIC  CO.  I  «"«■  ’ 

I  tied  or  r 

300  Edscorp  Bldg.,  Barrington,  N  J.  08007  •  (609)  547-3488  t  in  30  da 

America’s  Greatest  Science  •  Optics  •  Hobby  Center  “  — 

CIRCLE  NO.  26  ON  FREE  INFORMATION  CARD 


I  Expiration  Date _ 

30-DAY  MONEY-BACK  GUAR- 

IANTEE.  You  must  be  satis¬ 
fied  or  return  any  purchase 
^^n  30  days  for  full  refund. 


Add  handling  charge  $_ 

Enclosed  is _ check, 

_ M.O.  in  amount  of  $_ 


City,  State,  Zip_ 


POPULAR  ELECTRONICS 


According  toTRUTONE  RECORDS.. ".The  Stanton 
calibrated  681  series  is  our  total  point  of 
reference  in  our  Disc  Mastering  Operation” 


"Carl  Rowatti,  Chief  Engineer,  adjusting  the  Program  limiters  prior  to  cutting  a  master  lacquer". 


Trutone  can  be  described  as  a  family  enterprise  ...  but 
what  a  family!  Father  Lou  Rowatti  is  the  President;  Son  Carl 
is  Vice  President  and  Chief  Engineer;  and  daughter-in-law 
Adrianne  handles  the  business  end  of  the  operation.  They 
have  great  pride  in  their  family,  in  their  family’s  enterprise 
and  in  their  products.  That’s  why  they  insist  on  using  the 
best  —  always. 

Trutone  Records  in  Northvale,  New  Jersey  always  uses 
the  Calibrated  Stanton  Triple-E  for  A-B  comparisons  be¬ 
tween  tape  and  disc.  They  also  use  the  Triple-E  to  check 
the  frequency  response  of  the  cutter  head  (they'll  record  a 
1,000  Hz  tone  and  a  10  kHz  tone  twice  a  day  to  check  the 
condition  of  the  cutting  stylus  and  the  high  end  frequency 
response  of  the  cutter  head). 

They  make  test  cuts  and  play  them  back,  using  the 
Triple-E  for  reference,  as  high  as  15  kHz  all  the  way  down 
to  30  Hz.  Carl  Rowatti  says  “We  use  the  Stanton  Calibrated 
681  series  as  our  total  point  of  reference  in  our  disc  master¬ 


ing  operation.  Everything  in  the  studio  is  judged  — and  we 
think  perfectly  judged  for  quality— with  this  great  cartridge”. 

Professionals  can’t  afford  to  take  chances  with  quality. 
That's  why  they  depend  on  Stanton  in  their  operations. 

Each  Stanton  681  Triple-E  is  guaranteed  to  meet  its 
specifications  within  exacting  limits,  and  each  one  boasts 
the  most  meaningful  warranty  possible.  An  individually  cal¬ 
ibrated  test  result  is  packed  with  each  unit. 

Whether  your  usage  involves  record¬ 
ing,  broadcasting,  disco  or  home  enter¬ 
tainment  your  choice  should  be  the 
choice  of  the  professionals ...  the  Stanton 
681  TRIPLE-E. 


Write  today  for  further  information  to: 
Stanton  Magnetics,  Terminal  Drive, 
Plainview,  New  York  1 1803 


Lou  Rowatti  inspects  a  master  lacquer,  Carl  Rowatti  adjusts  the  pitch  computer 
Adrianne  checks  the  lathe.  on  the  mastering  lathe. 


Carl  installs  the  Stanton  Calibrated  Lou  Rowatti  (The  Prez)  adjusting  the  high 

6B1  Triple-E  on  the  playback  table.  frequency  limiter  in  his  cutting  room. 


CIRCLE  NO.  60  ON  FREE  INFORMATION  CARD 


Discwasher 


1407  N-  PROVJj 


RESEARCH  DELIVERS 

A  Quantum  Jurrip  in  Record  Care 


1.  Unmatched  activity  plus  safety  to  vinyl  additives 
(the  critical  compounds  of  longevity). 

2.  A  secret  non-adhering  anti-static  system  that  is 
measures!  in  parts-per-billion! 

'3.  A  special  chemical  "release  system"  (pat.  pend.) 

that  allows  suspended  contaminants  to  pull  away 
■  from  critical  micro-grooves. 


The  Systems  Approach 
Of  the  Discwasher  Brush 


D3  plus  the  patented  directional  micro-fibers  and  ab¬ 
sorbent  backing  remove— rather  than  line  up— all  dust 
and  suspended  debris. 


